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ABSTRACT 
The biology of the chrysomel i d bee tle, Paropsis atomaria 01., a 
defoli ator of eucalypts was studied s o that e f fe ct s of l ow doses of t he 
insecticides fenitrothion and aminocarb appli ed to eggs and second and 
fourth instar larvae could be eva luat ed. Over winter di apause was 
successfully broken to give a year-round breeding progr amme for the 
project. 
xv 
Seventeen species of parasites and predators of P. atomaria were 
r ecorded, and it was shown that paras ites were not advers ely affect ed by 
low doses of the one insecticide, aminocarb, applied to the host larvae. 
Fenitrothion proved more toxic to eggs than aminocarb, although in 
both cases some delayed mortality effects were observed on emerging 
larvae. 
Rate of feeding, growth, defaecation and survival of larvae was 
reduced progressively as dose increased from 20 to 6300 ng active 
ingredient per gram of larval body weight, but second and four th ins t ars 
. 
showed different sensitivity to the t wo compounds. Second instar l arvae 
were more susceptible to aminocarb and fourth inst ar to fenitroth ion . 
Lqngevity and fecundity of the surviving Paropsis beetl es wer e affected 
but not the fertility. 
Histopathological study of lar vae revea l ed di s ruption of cellular 
structures especially i n t he gut , whi ch expl ained t he cause of reduced 
feedin g , growth and abnorma l defaecation. 
Li pid cont ent of l arvae was reduced after t r eatment, and the overall 
histologica l changes may explain t he subs equent low fecundity of 
surv i vi ng adult s . 
These t oxi cological effects-of l ow doses may prove of value for 
integrated control programmes . Low doses applied in the field should 
reduce t he r isk of undesirable biological side effects, effectively 
restr i ct damage by t he pest ins~cts and reduce populations whi l e leaving 
par as i te popul at ions and possibly predator populations relatively 
unharmed. 
1 
GE NERAL I TRODUCTION 
Pesticide application affects both target and nontarge t organisms 
and leads to contamination of the habitat. Deaths of i nsect par asi t es, 
predators, pollinators, birds, fish and mammal.s are now we ll do cument ed 
[Carson 1962, Chichester 1965, Edwards 1965, 1970, Hunt 1966, Mulla 1966, 
Mulla et al. 1963, Schneider 1966, Moore 1967, News om 1967, Blackbour ne 
1970, Moats & Moats 1970, Mellanby 1971, Metcalf 1972 and Menzie 1972]. 
Contamination is not restricted to the area of application; air and water 
borne molecules have now reached ecosystems in all parts of the world 
[Woodwell 1967, Brewerton 1969]. 
In general the desire for a high m6rtality of pest organisms, if 
possible approaching 100 per .cent, has prompted the use of large 
quantities of insecticide at high dose rates. As a result there has 
been little investigation of the effect and efficiency of 'low' doses. 
'Low dose' is used instead of 'sublethal', since this latter term implies 
that few or no insects may be killed by the applied dose, whereas my 
doses generally caused some mortality in ·addition to detectable effects 
on biology which may reduce the impact of pest infestation to a level at 
which it is economically unimportant. 
Successful control with low doses would have important implications 
for: 
(i) 
(ii) 
(iii) 
(iv) 
(v) 
Integrated pest control and pest management; 
Anti-pollution measures; 
Reduct i on in t he toxic hazar ds ; 
Conservation, through reduced i mpact of t he chemicals on 
ecosys t ems. 
Pr ed i ct i on for future after e f fe cts. 
The mode of act ion 0f i nsect icides l eads one to expec t effect s on 
fee ding behaviour , growth , and adult emergence , fecundity and fertility . 
Thes e aspe cts are examined in this thesis . An important finding during 
this work was that cer tain low doses wh i ch markedly affected the growth 
of Parop is larvae coll ect ed in the field did not affect subsequent 
emergence of paras ites f rom the t reated larvae . This finding could not 
be i nvestigated fu l ly be cause of scarcity of P. atomaria i n the field 
during the final season of study, but differential tolerance levels of 
a pest and its parasites and predators at low dose rates provide a 
worthwhile field for future investigation. Such differences in response 
may permit a degree of selectivity for basically broad spectrum 
insecticides. 
The preoccupation with percentage kill and the need to develop new 
and more effective chemicals to counter the failing effectiveness of 
existing materials due to insect resistance may be unnecessary to a 
large extent if a lower dose and lower percentage kill by chemicals 
together with natural control factors effectively limits the pest 
2 
damage. This may be a particularly important consideration for integrated 
control measures, but at this stage the laboratory results require 
field testing. 
An organophosphate, fenitrothion (Accothion@) and a carbamate, 
aminocarb (Matacil@) were used iri the experiments since they have been 
used widely in forest spraying in the U.S.A. [Metcalf 1972] and Canada 
(Nigam 1970b, 1972] in place of DDT and malathion. The test insect, the 
common tortoise beetle Paropsis atomaria 01. (Coleoptera, Chrysomelidae) 
is of common occurrence in the Canberra region as a defoliator of forest 
trees [Carne 1966a). For experimental purposes it has the serious 
disadvantage of having a winter diapause in the adult stage, but this was 
successfully overcome and laboratory rearing was possible throughout the 
year. 
The study on the biology of P. atomaria 01. in this thesis complements 
the work by Carne [1966a & b]. It further deals with the insecticide 
treatments and their effects. The biological studies of the insect were 
an essential prerequisite to the study and interpretation of the effects 
of insecticides. 
·1.1 GENERAL BIOLOGY 
1.1.1 Taxonomy 
CHAPTER 1 
LITERATURE REVIEW 
For general purposes, the work of Blackburn [1896-1901] on the 
revision of the genus Paropsis and the notes on the Australian 
Coleoptera [1899--1900] in Trans . Roy. Soc. of South Australia give 
basic information on the group. 
Cumpston [1939] has dealt in detail with the five species of 
Paropsis, one of Chrysophtharta and one of Paropsisterna; all of 
which belong to the tribe Paropsini and provides tentative keys to 
their eggs and larvae. With most species, the final larval instar is 
so distinctive that it cannot be mistaken for that of any other species. 
I encountered many literature references using specific names of 
Paropsini particularly of the genus Paropsis which now have changed. 
Selman [1963] reappraises the genus Paropsis 01. and Carne [1966a] while 
. 
dealing with ecology of Paropsis atomaria 01. pointed out that it was 
incorrectly known as Paropsis reticulata Marsh. 
1.1.2 Rearing and Biology 
Cumpston [1939] reared the seven species of Paropsini includ ing fiv e 
species of the genus Paropsis to study their bionomics in Canberra and 
Sydney districts. The li f e cycle ranged between 4 to 7 weeks including 
Paropsis reticulata (syn. P. atoma1"ia) . 
3 
The biology of a paropsine, Chrysophtharta bimaculata 01. was studied 
by Greaves [1966]. He recorded 46 - 61 days (average 54 days) t aken by 
thi s chrysomelid from egg to adult stage . Shorter times were ass oci ated 
with higher temperatures . 
Ecological characteristics of Paropsis atomaria along with growth 
and food consumption were studied in detail by Carne [1966 a & b] , in 
insectary and l aboratory conditions as wel l as in the field. P. atomaria 
completed its l i fe cycle in 46 - 57 days with an average of 52 days. 
Length of the larval life was quite variable according to species of 
eucalypts used to provide food leaves. When reared on the foliage of 4 
different eucalypts, larval life lasted 47 days on the juvenile leaves of 
Eucalyptus bicostata Bl.M.&S. and 23 days on young mature leaves of the 
same host plant and E. blakelyi Maiden. 
4 
The biological activities of Paropsis charybdis Stal and its signifi-
cance as a defoliator of eucalypts have been studied by Carne [1967] in 
New Zealand and compared with those of P. atomaria . Females of 
P. charybdis are more fecund than the females of P. atomaria. The larvae 
of the former are solitary, while those of P. atomaria are gregarious. 
Damaging capacity of P. charybdis is greater than the P. atomaria because 
of higher population densities. P. charbybdis is the maJor defoliator of 
E . . macarthuri Deane & Maiden and E. viminalis Labill in New Zealand. 
Styles [1970] reported that a generation of Paropsis charybdis is 
completed in 7 to 9 weeks depending upon the species of eucalypt used as 
a food plant, weather, locality and time of the year which affected 
temperature. Its preferable host plant is E. viminalis~ while the young 
leaves of E. fastigata Deane & Maiden seems to be toxic to the larvae of 
this beetle. 
1.1.3 Egg Development 
.The hatchability of eggs from an American grasshopper (Acrididae, 
Orthoptera), ranged from 91.5, 98, 96 and 91 per cent at temperatures of 
18.9, 22.5, 24.3 and 27.0 °C respectively; but at temperatures of 16.1, 
30.5 and 32.9 °C percentage hatch was 89.5, 87.5 and 72.0 respectively 
[Bodine 1932, Bodine and Evans 1932]. Bodine and his co-worker concluded 
that time of a season and temperature affect the hatching of eggs. 
Similar results have been demonstrated by many -other workers [Davidson 
1944, Syme 1972, Watters 1966, Webb and Smith 19 70]. Humidity is also 
important [Harrison and Smith 1960, Andrewartha 1943, Birch 1942, Birch 
and Andrewartha 1942]. 
During experiments on the biology of P. charybdis (Chrysomelidae), 
an attempt was made to prolong the egg stage by maintaining them in cold 
storage at 5 °C, where they could be kept for 2 - 3 weeks in plastic 
containers until required [Styles 1970]. 
1.1.4 Diapause 
Diapause is a stage of arrested growth. It may occur at any stage 
of the insect due to biological reasons or physical factors. 
For general background of the knowledge about diapause, the works 
of Baumberger [1917], Boyce [1931], Gobeil [1941], Williams [194 7] , 
Andrewartha [1952], Lees [1955], De Wilde [1962], Danilevskii [1965] and 
Beck [1968] may be followed. 
Lees [1956] has reviewed the physiology and biochemistry of diapause 
and the stimuli which control its onset and termination. The central 
nervous system is concerned in transmitting such stimuli. Biochemical 
changes are also associated with diapause, but all take place gradually. 
Lees further elaborated the influence of photo period, inheritance, food, 
moisture (for eggs), normal regulation and metabolism of accumulated body 
materials. 
Carne [1966a] set up some trials on the induction and termination of 
diapause in P. atomaria. He concluded that adult beetles remain without 
inducing diapause. For the termination of diapause the resumption of 
feeding and sexual maturation could not be induced in laboratory reared 
individuals until ~heir fat body reserves were almost exhausted. In no 
instance did adults that had entered diapause lay eggs earlier than 
August. He further reported that day length played no part in the 
termination of diapause, in contrast to the success of my procedure 
described later. 
1.1.5 Parasites of Chrysomelidae 
Wilson [1963], dealing with Australia as a source for beneficial 
insects etc ., reported Meteorus sp. (Braconidae), several tachinids and 
an ichneumon as parasites of Paropsis dilatata Erich which were sent to 
New Zealand in 1932 - 35 but without much effect there. 
The common egg parasites, Neopolycystus 1~nsectifurax Gir. and 
Baoanusia albifunicle Gir. were bred out by Cumpston [1939] from the eggs 
of Paropsis reticulata Marsh. N. insectifurcr_x ~,.; re reared in large 
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numbers ~ith an average cycle from egg to adult of 12 days. These wasps 
oviposit readily in the laboratory in the fresh egg batches of P. atomaria , 
but according to Cumpston failed to parasitise the eggs of Chrysophtharta 
varicollis . She also got some tachinids (unidentified) from the Parops ,z:s 
larvae, but the tachinids failed to parasitise the host larvae in captivity. 
The Tachinidae is a family of flies of wide ·distribution with a 
diversified range of parasitism. The 38 New Zealand species are mainly 
parasites of lepidopterous and some coleopterous larvae [Valentine 1967]. 
froggattimyia spp. were reared by Carne [1969] as larval parasites of 
Perga affinis affinis Kirby, a eucalypt-defoliating sawfly (Pergidae), 
while studying its ecology and distribution in different parts of 
Australia, particularly New South Wales and the A.C.T., and this genus 
·also parasitised . Paropsis during my work. 
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Chrysophtharta bimaculata (Chrysomelidae) larvae are parasitised by 
various tachinid flies [Greaves 1966]. Tachinid puparia took about 4 weeks 
to reach the adult stage. Parasitism during 1962 - 63 by tachinids was 
low at about 20% (range 5 to 35%) due to large populations of chrysornelids. 
ljeavy parasitism however occurred in 1963 - 64 at a mean level of 40% 
(range ·12 to 70%). Greaves also recorded hyperparasitisation of tachinids 
by small unidentified wasps at levels of 11 - 17% during 1962 - 63, but it 
increased markedly in 1963 - 64, though Greaves did not quote figures. 
Malloch [1932, 1934] was the first to study the genera Froggattimyia 
and Paropsivora, gen. n. (Diptera, Tachinidae), reared from Paropsis 
reticulata (= atomaria). 
Carne [1967] in his report about P. charybdis from New Zealand 
referred to Paropsis egg and larval parasites such as Neopolycystus 
insectifura.x Gir., Froggattimyia tillyardi Mall. and Meteorus (= Aridelus) 
sp. 
Styles [1970] attempted the use of larval pathogens and parasites 
against P. charybdis: foliage of Eucalyptus viminalis Lab. was smeared 
with an undetermined pathogen collected from the field in 1964 and fed to 
al 1 stages of l arvae. The larvae died within 24 - 48 hours after feedin g 
on the treated leaves. A larval parasite, Aridelus sp. (Hyrnenopt era , 
Braconidae) was also studied, but was itself heavily parasitised by 
Perilampus sp. and further trials with parasites were discontinued. 
A biological evaluation of efficiency and development period of a 
hymenopterous egg parasite, Anaphes flavipes · [Foer.] ( ·lyrnaridae) was 
carried _out by Anderson and Paschke [1970]. The female mymarids were 
released in the dishes containing eggs of Oulema mela:nopus (Chrysome lidae) . 
Asolaus (= Trissolaus) were reported to parasitise the eggs of 8 
different species of heteropterous bugs including Cermatulus and 
Oeahalia bugs according to Valentine [1964 a & b]. The latt er two species 
prey effective ly on Paropsi_s larvae and it is likely th at their effect-
iveness as control agents of Par opsis would be reduced by insecticide 
spraying. 
1.1.6 Predators of Chrysome lidae 
Many workers believe that mammals and birds have a significant 
effect on population dynamics of various forest ins ects. Buckner [1966, 
1967] has examined their efficiency. 
However, bird and mammals must have a limited effect because of 
relatively slow rates of breeding and satiation of feeding, and 
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vertebrate predation is probably not important in Australia in controlling 
forest insects. On the other hand invertebrates may play a maJor role. 
Different stages of Chrysophtharta bimaaulata (Paropsinae, 
Chrysomelidae) are considerably destroyed by various coccinellid beetles, 
with egg predation alone about 20%, ranging from 30 - 40% [Greaves 1966 J, 
while Carne [1966a] observed some destruction of eggs of P. atomaria in 
the field due to some unnamed predators. 
Most work on predatory coccinellids pertains. to aphid predation, 
much . less has been written about them as predators of other insects. 
Smaller, less conspicuous species even go unnoticed, yet they are often 
key factors in regulating the pest population of Homoptera and many 
spider mites .[Hagen 1962]. Cryptolaemus and Leis beetles are among the 
dominant predatory species under mild conditions, and these two genera 
proved major predators of Paropsis during my work. Cryptolaemus and 
Rhizobius are important predators of many insects in New Zeland 
[Valentine 1967], and in addition . Leis is import ant in Australia [Wilson 
1957] . 
The pentatomid bug Oeahalia shellenbergii (Guer. -Men.) preyed on the 
larvae of Geometridae, Pieridae and other Lepidoptera, including the eggs 
and larvae of Paropsis aharybdis Stal. whose larvae are also eat en by 
Vespula sp . (Hymenoptera, Vespidae) . Similar ly bugs of Cermatulus 
nasalis attack the l arvae of Cicadidae, Curculionidae, Geometridae, 
Noctuidae, Nymphalidae and Tenthredinidae in addition to preying of 
P. aharybdis [Valentine 1967]. 
In addition to parasites and pathogens for biological control of 
Paropsis, Styl es [1970] a l so records the invertebrate predators OechaZia 
sheZZenbergii~ CermatuZus nasa Zis and VespuZa germanica (F ab.) together 
with some vertebrates · including bir~s li~e starlings and sparrows, and 
small mammals which feed upon larvae and pupae of P. charybdis. 
1.2 EFFECTS OF INSECTICIDES 
1.2.1 Introduction 
No one can deny the role played by pesticides in general and 
particularly insecticides in protecting crops from the ravage s of insect 
pests, saving commodities from pest infestation, and in campaigns of 
disease vector control [Barlaug 1972, Gasser and Fllick . 1972, and Metcalf 
1972]. 
1.2.2 Insecticide Nomenclature 
For the common or registered names, the usage recommended by the 
Committee on Insecticide Terminology of the Entomological Society of 
America and by the British Standards Institution [published usually in 
BSI News] is followed, as given from time to time in the different 
journals below. For nomenclature further reading of book by O'Brien 
[1967] is suggested. 
J. econ. Ent. 52: 361-62, 1959. 
J. econ. Ent. 52: 1032, 1037, 1959. 
J. econ. Ent. 53: 677-78, 1960. 
J. econ. Ent. 54: 1066-67, 1961. 
J. econ. Ent. 55: 822, 1962. 
Bull. Ent. Soc. America. 9 : 67-103, 1963. 
Rev. appl. Ent . 59: 1-12 1971. 
' 
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Unfortunately many undesirable side effects on ecosystems have also 
become apparent [Edwards 1965, 1970, Hunt 1966 , Moore 1967, Mell anby 1971]. 
This has led tc use of less toxic compounds and also stimulated the 
res earch described in this thesis on the effects of low doses. 
Los-as for different insects and insecticides vary considerably, and 
to some extent values quoted for a species depend on whether one is 
deal ing with resistant or susceptible strains. In general LD50s of 
effective compounds appear to lie mainly within the limits 0.008 to 
-2000 µg insecticide per gram of insect body weight [Busvine 1962, 
Boethel and Cleave 1972, Drummond et al. 1969, Lemon 1966, Parkin 1963, 
Sugiyama et al. 1969, Sugiyama and Emori 1970, Watts 1970, Wolfenbarger 
1970, Yates and Sherman 1970]. Effective insecticides against a species 
appear to have LDSOs not greater than 150 µg/g. 
1.2.3 Organophosphorus Compounds: Effectiveness and 
Dosage, with Special Reference to Fenitrothion 
Organophosphorus materials have achieved success against a wide 
range of insects, and show a considerable range of characteristics. An 
extensive literature exists on these materials~ although less is 
available about absolute dose rates and effects of sublethal doses. 
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Due to harmful effects of chlorinated insecticides like DDT, 
chlordane and endrin, screening of a newer insecticide, fenitrothion, was 
carried out by Nigam [1972] against· various forest pests, including 
assessment of its toxicity to other non-target animals: fish, birds, 
amphibians and insect parasites and predators, and also in other eco-
systems. The effective control period varied from 3 - 5 days at 1. 6 - 2 oz/ 
acre ~gainst 8 lepidopterous species except green striped forest looper 
and gypsy moth. Feni trothion was found 5 - 15 times more toxic to these 
pests than DDT. Laboratory as well as field studies indicated that 
feni trothion was highly effective at 1. 6 - 2 oz/ acre against hymenopterous 
forest pests like sawflies for which relative toxicity of fenitrothion 
was 10 to 400 times greater than DDT depending on the species, and 
remained effective for 10 days. Against coleopterous pests such as 
ambrosia beetle and Sitka spruce weevil, it was 5 - 10 times more toxic 
than lindane and DDT in the laboratory. Fenitrothion was not effective 
against hemipterous pests, particularly balsam _woolly aphid. After 
application of fenitrothion, non-target organisms were monitored: spider 
numbers were stable and mites increased. Insects preying on lepidoptera 
were reduced, but population of parasites and predators of sawflies 
returned to normal after one year. No adverse effect of fenitrothion to 
any worker was reported. Frogs and toads did not suffer and it was less 
toxic to fish than DDT, but toxicity to birds was higher than DDT 
especially at higher doses like 8 oz/acre. During aerial spraying, 
phosphorus concentration in the air reached a peak of 3 µg/m 3 which did 
not produce any heal th hazard. · In the soil its r esidues were very low 
but foliage contained up to 3.5 ppm fenitrothion which was reduced 
70 - 80% after 8 days, eventually metabolised into non-toxic material. 
Salonius [1972] detected no effect of fenitrothion on forest soil 
microflora. 
The advantages of fenitrothion have been noted by various other 
authors [Freitag et al. 1969, Green and Tyler 1966, Horler 1966, 
Jamnback 1973, Lemon 1967, Metcalf 1972, Mulla and Adams 1964, Strong 
1970, Yana 1966, 1967]. 
While for some species it proves very toxic, for other insects 
fenitrothion is intermediate in toxicity with other compounds. Thus of 
10 
20 insecticides representing all the 4 main groups which were tested 
against fourth and fifth instar larvae of Symmerista canicosta Franc. 
(Notodontidae, Lepidoptera) by topical application, LDSO value of 12 
compounds was less than 5 µg/g body weight. Fenitrothion LDSO was 8.13 µg, 
being superior to malathion, trichlorfon and fenthion, but inferior 1n 
toxicity to phoxim, chlorpyrifos, tetrachlorvinphos and phosmet. 
Fenitrothion was nearly 6 times less toxic than DDT on the basis of 
toxicity index [Robertson et al. 1972]. Similar intermediate status was 
recorded by Page and Lyon [1973] against Hemerocampa vetusta Boisd. 
(Liparidae, Lepidoptera); by Lyon and May [1970] against Lymantriidae 
(Lepidoptera); by Lyon et al. [1972] against Lasiocampidae (Lepidoptera); 
by Dyte et al. [1966] against larvae of Dermestidae; and by Ruppel [1972] 
against the chrysomelid beetle Oulema melanopus (L.). However, in the 
field fenitrothion gave very poor protection against this leaf beetle when 
used at 8 oz/acre. 
1.2.4 Carbamate Treatments and Effects 
Carbamate insecticides are comparatively few in number. Many 
derivatives from carbamic acid are most toxic to mammals, e.g. LDSO for a 
mouse 1s as low as 0.09 mg/kg for some compounds, but are completely 
non-toxic to insects either topically applied or injected, although they 
are very strong inhibitors of acetyl cholinesterase. Further research 
led to development of isostere of prostigmine which was an active 
insecticide, followed by the production of Isolan and dimetilan. First 
large-scale production was of carbaryl ('Sevin'), a general purpose 
insecticide with an annual production of 45 million pounds in the U.S.A. 
[Moriarty 1969, Sun 1971, and Metcalf 1972]. 
Because of interest in aminocarb (Matacil@) f or control of forest 
insect pests, particularly in Canada for control of spruce budworm, 
hemlock loopers and sawflies [Randall et al. 1966, 1967, Nigam 1970a, 
1972], I included a carbamate in my appraisal of the effects of low 
doses on P. atomaria . 
Carbamates may be extremely effective against some insects. 
Malathion, carbaryl, Strabane, toxaphene and commercial mixtures of 
carbaryl + malathion or toxaphene were evaluated by Bottger and Sparks 
[1962a] against the second to fourth instar larvae of Heliothus zea 
(Boddie) (Noctuidae, Lepidoptera) . At 72 hours, carbaryl alone or in 
combination proved most effective and killed 83 - 100% of these noctuid 
larvae, compared with malathion 79%, Strabane 75 % and DDT (Tech.) only 
65%. Keller and Liang [1961] showed similar high toxicity of isolan to 
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the cockroach Periplaneta americana (L.) in contrast to the much lower toxicity 
of chlordane, heptachlor and endosulfan. Against gypsy moth Porthetria 
dispar (L.) larvae, endosulfan and carbaryl were almost as effective as 
DDT [Keller et al. 1962], while against corn earworm Heliothis zea, 
Zectran and carbaryl proved better than 18 other insecticides, including 
DDT [Anderson and Paschke 1969]. 
Against some other insects carbamates are intermediate in toxicity. 
Laboratory screening to evaluate 13 insecticides against the larvae of 
Dioryctria abietella [Den. and Schiff.] gave mortality-regression lines after 
96 hours which showed decreasing effectiveness in the order: endrin, BHC, 
~zinphos-methyl, DDT, dieldrin, diazinon, carbaryl, malathion, toxaphene 
and chlordane [Merkel 1962]. 
Two carbamates, carbaryl and Zectran used against the common grass 
grub Costelytra zealandica (White) were superior to dieldrin, malathion, 
thiocron and toxaphene, whi le chlordane, endrin, phosmet, methoxychlor, 
phosphamidon and Zytron were equal in toxic i ty to Zectran and superior to 
carbaryl [Fenemore 1965]. 
Intermediate toxicity was demonstrated for aminocarb against 
sawflies [Nigam 1968] and against ambrosi a beetles [Nigam 1969] but other 
properti es gave this compound appeal for use in forest pest control. 
In contrast, carbaryl was less effective as a grain protectant 
against rice weevil, Si tophi l us oryzae (L.) [King et al . 1962], and 
aminocarb was not effective against larvae of larch case bearer Co l eophor a 
laricella [Hub. ](Psychidae , Lepidoptera) at 1.5 - 2 oz/acre [Lyon and May 1970 ]. 
· Carbamates may be very effective against many larvae, but some have 
little effect on adults . Oulema melanopus(L .), the cereal beetle, is a 
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pest in the field as well as in s torage. Trials by Yun and Ruppel (1964] 
with all 4 classes of insecticides at dosages ranging from 0.25 lb to 
3 lb/acre to cont rol the pest showed that aminocarb at 0 .5 lb/acre gave 
100% control of larvae within 48 hours but completely failed to kill the 
adults within this period. Isolan at the s mne dose gave 100% kill of 
larvae within 24 hours but no mortality of adults even after 48 hours. Car-
banolate at 0.25 lb only produced 55% mortality of l arvae at 24 hours, but 
afterwards no kill of both larvae and adult s was achieved . Zectran at 
0.5 lb achieved 97 % control of larvae at 24 hours, but completely failed 
against adults. Carbaryl was applied at 0.5 - 1 lb/acre and 100% 
mortality of both larvae and adults was obtained within 48 hours, while 
for lindane at O. 38 - 0. 5 lb larval mortalJ ty was lOO go and 93% of adults 
were killed at the end of 48 hours. On the other hand malathion and 
azinphos methyl at 0.75 and 0.5 lb showed slower kill than carbaryl and 
lindane, but still caused 97% and . 93% mortality respectively of the 
larvae at 48 hours and both killed 100% adults in 96 hours. Dieldrin and 
endrin were much slower and the adult mortality ranged from 78 - 74% 
respectively at 120 hours. Increased suscept i bility of larvae to 
carbamates was also reported for houseflies by Aziz et al. [1969]. 
Randall and Nigam [1966] studied the relative toxicity of carbamate 
and organophosphorus compounds against spruce budworm, C:horistoneura sp. 
and sawflies, Neodiprion spp. at concentrations ranging from 0.2% to 10%. 
Relative toxicity for spruce budworm was: Zectran (at 0.5%, 100% kil l) 
> fenitrothion (at 2.0%, 100% kill) = Dipterex (trichlorfon at 2 . 0%, 100% 
kill) = phosphamidon (at 3.0%, 100% kill) = dirnethoate (at 4.0%, 100% 
kill) > malathion (at 7.0%) > DDT (at 10% cone., 90% kill). In the case 
of Neodiprion spp. Zectran, fenitrothion and phosphamidon caused 100% 
mortality at 0.3%, 0.2% and 0.25% concentrati?n respectively. Zectran 
proved far superior to DDT which gave 49 - 85% ki 11 at 10% concentration . 
Nigam [1970a] also demonstrated that for l arvae of jackpine budworm 
Choristoneura pinus Free, Zect ran and aminocarb were 7 and 4 times more 
toxic respectively than fenitrothion. The same degree of rel ative 
toxicity was observed for lodgepole needle miner Col eotechnites milleri 
(Busck.) (Lyon and Page 1971] and for pandora moth Coloridia pandora 
Blake [Lyon 1971]. The carb amates propoxur and Zectran were also more 
toxic than fenitrothion to three species of sawfly [Nigam 1970b], and 
propoxur and aminocarb were more effective th an f enitrothion agains t the 
notodontid moth Symmerista ca:nicosta [Robert s on et al. 1972] . In this l atter 
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case aminocarb LOSO was 7.5 µg/g body weight. Against larvae of the 
tussock moths Hemerocampa vetusta (Boisd .) (Lipar i dae , Lepidoptera) 
carb arnates again proved more effective than fenitrothion , LDSOs fo r 
Zectran , aminocarb, carbaryl and fenitrothion be ing 4 . 63, 9.18, 34.7 and 
222 µg/g respectively. Aminocarb toxicity was similar to that of DDT at 
11.5 µg /g [Page and Lyon 1973]. Again arninocarb and carbaryl were a 
little more effective than fenitrothion in the field agains t cotton 
l eafworm Spodoptera li ttoralis Boisd. (Noctui dae , Lepidoptera) [ Kamel and 
Mitri 1970] . 
While various carbarnates such as Baygon ·(propoxur) exhibited greater 
toxicity to balsam woolly aphids Ade lges piceae (Ratz . ) than many organo-
phosphorus compounds, arninocarb and Zectran were moderately effective 
while the organophosphate fenitrothion was very slightly effective 
against Adelges sp. [Randall et al . 1967]. In contrast, fenitrothion was 
2 . 5 to 100 times more toxic than six carbarnates tested against eye gnats 
liippelates collusor (Townsend) and H. pusio Loew. (Diptera) [Mulla and 
Adams 1964]. 
An interesting feature of the carbamat es Zectran and aminocarb is 
that they al s o show useful systematic action aga inst spruce budworm 
(Choristoneura fwniferana (Clemens)), when injected into the trunk of 
douglas fir up to 
1967] . 
0.04 kg, depending on size of tree [Larson et al. 
Recovery may take place after treatment wi th carbamates. 
Sun [1971] .demonstrated that speed of action of different 
groups of insecticides varies for the same insect (Musca domestica). 
Comparison of LCSO ratio for 3 hours against LCSO for 22 hours showed 
that speed index for most of 9 carbamates tested is less than 1, e.g. 
for Zectran 0.75, carbaryl 0. 77, and Isolan 0.91 indicating that 
carbamates are reversibl e inhibitors and some flies woul d recover between 
3 and 22 hours exposure. For organophosphorus compounds (37) the LCSO 
ratios vary from l to 3.5, showing organophosphates as a group are more 
stable and penetrate fast er than carbamates . Recovery in this case is 
insign5.ficant. With chlorinated hydrocarbons (24 insecticides tested) 
there is a wider r ange of the speed index from 1.2 to 25.8, demonstrating 
that these comp ounds are most stable. 
Wnile dealing with substitutes to DDT , Metcalf [1 972] has reviewed 
var i ous aspects of carbamates and t heir good properties of shorter 
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inhibition, rapid recovery, early warning si gns of poisoning , slow 
absorption into the skin, high biodegradability and therefore less 
problems for ecology and food chains, short li fe in s oi l, hi gh and quick 
initial kill which led him to reconunend some carbamates such as aminocarb, 
propoxur, Zectran and aldicarb as substitutes for DDT against crop pests, 
stored product pests, and disease vectors. High cost of production 
generally for carbamates, e.g. $1.60 per pound of propoxur, while DDT 
costs only 18.5 cents per pound, is a disadvantage. 
1.2.5 Anti-Feeding Effects 
Inhibition of feeding may be a valuaole side effect of some 
insecticides. Cyanamid 24055 (l,l-dimethyl-3-(p-acetamidophenyl) 
triazene in tests against cotton bollworm, Heliothis zea (Noctuidae, 
Lepidoptera) inhibited feeding to give complete protection to cotton 
plants during a five-day period in the laboratory [Bottger and Sparks 
1962a]. In similar tests against corn earworm (Noctuidae, Lepidoptera) 
this compound also_ gave 69% kill in addition to anti-feeding action 
[Anderson et al. 1962]. 
1.2. 6 Effects on Insect Growth, Weight, 
Life Span and Other Developments 
Delayed mortality after treatment has been observed with many 
insects and insecticides, with death not occurring until ecydysis or 
metamorphosis. \\There death does not occur, deformed insects may be 
produced by latent insecticide effects (Tamashiro and Sherman 1955, 
Sherman 1958, Sherman and Sanchez_ 1964]. 
Cuticular penetration, metabolism of insecticide 1n the insect body 
and degree of carryover of insecticide from larval to the adult stage was 
investigated by topically treating resistant and susceptible strains of 
house fly (Sanchez and Sherman 1966). DDT was detected in susceptible 
flies 1 hour after application, and a maximum of 0.058 µg/insect was 
traced 96 hours after treatment. No internal DDT was recovered from the 
resistant strain at any time, indicating complete dehydrochlorination of 
DDT bY- the resistant strain which has the ability to convert DDT into 
non-toxic ODE. In contrast female susceptible flies that died between 1 
and 3 days after emergence contained 0.052 µg DDT. Carryover of DDT from 
larvae was sufficient to cause latent toxicity as this amount was greater 
than the LOSO of 0.034 µg per fly. DDT was not det ect ed in the adult 
flies of the resistant strain after emergence. The role of cuticular 
penetration, metabolism and carryover were also emphasised earlier by 
Sherman and Sanchez [1964]. 
Latent effects of insecticide carryover, or direct action, may also 
affect reproductive potential, although results are inconsistent, in some 
cases increasing reproduction and in other cases reducing it [Afifi and 
Knutson 1956, Adkisson and Wellso 1962, Chauthani and Adkisson 1966, 
Kiyoku and Tamaki 1959, Cross and Chesnut 1971, Knutson 1955, Katiyar and 
Lemond 1972, Mccuaig and Watts 1965, Moriarty 1969, Newsom 1967, Ouye and 
Knutson 1957, Sutherland et al. 1967, Underhill and Merrell 1966, 
Zaghloul and Brown 1968]. 
Insecticides which also act as chemosterilants of survivors 
represent an advantage as induction of sterility would result in a 
constant diminution of the natural population, e.g. assuming initial kill 
and sterility was 90% and 10% of the males and females in both cases come 
up for future infestation, the 10% males and females in the sterilised 
population would be subjected to mating competition by 90 sterile males 
as well as 10 normal males. Therefore, there is a chance of 1% left for 
the next infestation as compared to 10% after insecticide treatment 
[Knipling 1962, 1964, 1968, 1972b J. Smith et al. [ 1964 J further dealt 
with the biochemical aspects of chemosterilants which affect mitosis. 
Ch~mosterilant effects have been noted in several studies involving 
different insects and insecticides (Abo-elGhar et al. 1972, Adkisson and 
Wellso 1962, Flint et al. 1973, Franz 1961, Georghiou 1965, Grosch 1963, 
Hddjat 1971, Kiyoku and Tamaki 1959, McHaffey et al. 1972, Moriarty 1968, 
1969, Nagasawa 1959, Soderstrom and Lovitt 1970 and Walker 1970]. There 
is some evidence that interference with lactic acid dehydrogenase is 
responsible for sterility [Gadallah et al. 1972]. 
The sublethal effects of synthetic insecticides on insects have been 
reviewed by Moriarty [1969]. Sublethal amounts of prewar insecticides 
affected egglaying, hatching and other development of insects, but 
nothing was known about their mode of action at that time. The mechanism 
of sublethal effects or toxicity _in general depended on biochemical 
lesion followed by other aberrant behaviour, ultimately involving the 
nervous system and inhibition of enzyme systems. Sublethal doses 
affected the population in many ways: effect on survival rate, 
reproductive ability, genetic constitution of future generations and also 
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resulting in latent toxicity depending on interval of dosing, species, 
insecticides and dose rate. He concluded that little information is 
available on minimal doses for harmful effects as most published results 
were recorded on toxic or near toxic doses . More information is needed 
about the interaction of inse·cticides with other types of stress and 
about the minimal doses required for the full range of reaction to 
insecticides. 
Work by Moriarty [1968] on sublethal effects of p,p' DDT and 
dieldrin on the last larval instars of Chorthippus brunneus Thunberg 
(Acrididae, Sal tatoria) and Aglais urticae (L.) (Nympha lidae , Lep idoptera) 
is an excellent record of overall effects. Tox i city of dieldrin to 
Aglais u:rticae decreased markedly with increasing larval weight; 
comparing the larvae for 80 mg (mean weight) with those of 240 mg, LOSO 
increased 70-fold or 23 times per unit of body weight from 0.15 µg for 
80 mg larvae to 10.5 µg for 240 mg larvae. On weight basis~ increase in 
the insecticide absorbed between 80 and 240 mg larvae was 14 times per 
unit of body weight, being 0.38 ppm and 5.42 ppm respectively. Carryover 
of die ldrin reached 0.15% at adult stage just after moulting on the basis 
of amount recorded in the tissues of young pupae (3%). After treatment, 
time to pupation of surviving larvae was not affected , but a 4.8% 
decrease of pupal weight occurred when application was made at larval 
weights 200 - 260 mg. Latent toxicity caused 10% mortality of prepupae. 
On adult emergence, 27.7% of the nymphalids showing wing deformities in 
survivors of dieldrin treatments against 5.9% in controls. Life span of 
normal adult survivors was not seriously curtailed but abnormal adults 
died sooner. Adults surviving 5 µg or more dieldrin dose appeared to be 
abnormally active. 
Moriarty found symptoms of dieldrin poisoning and time of onset 1n 
Chorthippus brunneus highly variable as compared to Aglais urticae . On 
the basis of LOSO, variation in toxicity with age was relatively minor 
compared to Aglais urticae but sex susceptibility in hoppers was quite 
evident. 76.3% mortality of male hoppers required 3.9- 125.8% of LOSO 
dose which caused 52.2% mortality to the female hoppers of the same age. 
There was no evjd ence of a latent toxicity at the moult, nor of any 
effect on maximum weight before moult, weight at moult or rate of weight 
increase. Testes of survivors did not show any abnormality in their 
development. Five day old fourth instar nymphs dosed with 0.078 µg 
dieldrin showed no significant effect on mean mature weight or longevity 
of the adul ts. No carryover effect was detected in the newly emerged 
nymphs, followed by normal rate of development without any effect on 
weight or moulting. 
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Sublethal doses of DDT appl ied to AgZais urticae r esulted in 
recovery or death within 2 days, a longer duration as compared to 
dieldrin effects, but symptoms of poisoning appeared within an hour of 
dosing . Toxicity decreased wi th increasing larval weight and larvae 
weighing 160 mg r equired a dose 36 tim es as large as that for larvae 
weighing 80 mg to kill SO % (LOSO of 30.24 µg and 0.85 µg respectively). 
TI1e r ange 180 - 240 mg mean weights had much flatter regressions of 
probits on the logarithms of the doses, giving about 40% mortality even 
at 100 µg dose. Convers i on and absorption of DDT were proportional to 
body weight: as this doubled from 80 to 160 mg, 14 times as much 
insecticide was present in the tissue 24 hours after applying the LOSO 
dose. The survivors of DDT dosing took longer to pupate than the 
controls; larvae of 80 mg weight (LOSO of 0.85 µg) took more than 4 days 
(mean) and larvae weighing 160 mg or ab ove (LOSO of 30.24 µg) about 3 
days. There was little evidence of latent toxicity, as 43% of the dosed 
larvae were killed before the prepupal stage. Pupal development was 
light ly affected and only 3.9% surviving from LOSO died as pupae but 
duration and sex ratio were unaffected. Adults showed little abnorma lity, 
only 6% of adults in the control and 11.0% of survivors after DDT 
treatment emerged abnormal. Very little deformity was observed: only 3 
DDT-dosed larvae produced adults in which the pupal cuticle still covered 
the anterior of the body. Higher doses of 12.5 and 100 µg DDT to fifth 
instar larvae had no effect on adult longevity , nor on the development of 
the offspring. 
For initial effects, grasshoppers were similar to nymphalids in 
response to DDT, but showed more susceptibility as recovery or death 
usua lly occurred within 24 hours and a few nymphs were hyperactive for 
some hours longer. The sexes gave similar results in conjunction with 
absorption and conversion of DDT. 3.2 ppm of DDT was found in males and 
3.0 ppm 1n females. After moulting mos t DDT or ODE had vanished . Five-
day old nymphs dos ed with 100 µg DDT absorbed very little insecticide as 
there was never more th an 0.9 µg DDT found 1n the tis sue . Sublethal 
doses had no obvious effect on development up to adult emergence as 
measured by maximum weight before moult (66 mg for male and 98 mg for 
f emale , indicating sex differences only). Aft er treatment, male hoppers 
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took less time to moult (8 days) compared to the females (14 days). 
After treatment, survival was higher in females (more than 50%) than 
males (about 33%). No meiosis was recorded in surviving male hoppers 
after dosing with 1.56 µg DDT. Lat ent toxicity was not high as only 3 
survivors died. Apparently adul t hoppers' longevity and weight were not 
affected . Nymphs from the eggs of surviving progeny displayed typical 
symptoms of insecticide poisoning, exhibiting latent toxicity [Moriarty 
1968]. 
Similar effects with other insects and insecticides have been noted 
by Walker [1970], Kreasky and Mazuranich [1971], Katiyar and Lemonde 
[1972], Sun and Johnson [1972]. The pap&r by Sun and Johnson 1n 
particular refers to water conservation and weight loss after insecticide 
application. 
1.2. 7 Direct Ovicidal Action 
Ovicidal action of different insecticides appears to vary greatly 
depending on the insect species. It may be poor [Hassanein and Zaki 1958, 
Bartlett 1964, Dittrich 1962, Mitri and Kamel 1970], moderate [Samy 1966, 
Brazzell and Gaines 1959, Kerr and Brazzell 1960, Chauthani and Adkisson 
1966, Dittrich 1967, Swenson et al. 1969], or high [Swenson et al. 1969, 
Mitri and Kamel 1970, Walker and Bowers 1970]. The carbarnates propoxur 
and carbaryl produced 100% mortality 1n 1 - 2 day old eggs of Acheta 
dcmestica (L.), but eggs more than 3 days old were less severely affected 
[Hartman 1972]. 
It is clear that ovicidal action needs evaluation for each 
insecticide and target insect species, and age of eggs since oviposition 
may account for variation in results recorded in the literature. 
1.2.8 Insecticide Effect on Insect Parasites 
Integrated pest management is gaining import ance due to pollution of 
ecosystems, insect resistance and other direct and indirect deleterious 
effects of insecticide applications. The effect of chemical control on 
parasites of insect pests is revi ewed here. The recent work of Knipling 
[1972a, 1972b], Adkisson [197 2] and Geier and Hillman [1 971] summarises the 
present situation. 
The effect on beneficial insects of insecticides us ed on citrus 
trees under fi e ld conditions in Ca lifornia have been reviewed by Woglurn 
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et al . [1947] for the period 1907 to 1947. 
In the 1920s, Woglwn and his colleagues observed resis tance 
deve lopment in certain citrus pests to part icular insecticides resul ting 
in increased treatment with oil sprays and fumigation: as a result 
parasites a11d predators were almos t e liminated from orchards . In 1946 
(th e era of synthetic insecticides) Metaphycus luteolus Tirnb ., a parasit e 
of CitI"'~cola scale occurred in many groves despite dusting with 2 ~o DDT in 
sulphur with as many as 3 - 4 applications of 100 lb/acre. However, 
yellow scales which had been heavily parasitised by Compe1.,ielZa 
bifasciata How. now increased in number because DDT was inimical to 
parasite activity. Similar interactions have been noted by many other 
authors [Bedf ord 1973 , Hassanein et al. 1968 , Tamashiro and Sherman 1955, 
Ripper 1956, Wilso!1 . 1960]. On the other han_d, many parasites and predators 
are less affected than the pest insect ·[Johnson 1962, Khan and Khan 1966]. 
Correct selection of an insecticide for a particular job is 
important. Abdel Rahman [1973] investigated the natural enemies of red 
scale such as Aphytis melinus De Bach (Aphe linidae) , Comperiella bifasciata 
(Encyrtidae) and some coccinellids. He showed that these bioagents were 
more susceptible to malathion than the females of red scale. Use of 
malathion in an integrated control approach with parasites against red 
scale, Aonidiella aurantii (Mask.) was therefore inappropriate. 
Successful integration of chemical and biological control was 
demonstrated against fruit tree pests in Canada by modifying the spray 
programme, using selective pesticides, timing the application to avoid 
susceptible stages of beneficial species and establishing the minimum 
dosage required to control the pests [McLeod 1962]. 
Mru1y owners of citrus orchards in Victoria have recently 
discontinued the use of certain insecti cides like dimethoate, maldison or 
parathion, as scale parasites Corrrperiella bifasciata and A.phytis spp . are 
very susceptible to these chemicals. Fruit growers then relied solel y on 
petroleum oil for scale control as this oil proved leas t toxic to the 
hymenopterous parasites [McLaren 1971]. 
Chemical control is not always advantageous: comparison of apple 
orchards in Canada under natural , integrated control and chemical control 
regimes was made by Maclellan [1972]. Natural control ranged from 
15. 5 - 34. 5% in untreated orchards and from 5 . 4 - 9. 7% in treated orchards . 
In most years acceptable economic control by natural agents was obtained 
After evaluation of many insecticides against forest insect pests, 
Nigam [1972] reported that fenitrothion had not much effect on parasitic 
i~sect populations, even when spraying was carried out every year. 
Monitoring of insect parasites and predators after fenitrothion 
application in Jack pine plantations revealed that populations of useful 
insects returned to normal within one year. Development of more specific 
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_insecticides [Darlington et al. 1972] will further improve this situation . 
Characteristics of both prey and predator must be reasonably 
synchronised for efficient control: prey density relative to predator 
population, environmental factors, prey defenc~ mechanisms and predator 
attacking technique must all be taken into account to ensure efficient 
and effective interaction [Holling 1961]. Interference with this system 
by app~ying insecticides must upset the system [Wilson 1960, Hodek 1970]. 
Nicholson [1954] has demonstrated the undesirability of imposing 
artificial control before natural controls have had an opportunity to 
take effect. Consequently, more selective pesticides and more efficient 
usage are essential to avoid disruption of the natural system. 
1.2.9 Effect of Insecticides on Fat Body and Histology 
These aspects are more appropriately dealt with in Chapter 5. 
2.1 REARING 
CHAPTER 2 
REARING AND BIOLOGY OF PAROPSIS ATOMARIA 01. 
(COLEOPTERA, CHRYSOMELIDAE) 
2.1.1 Introduction 
Insect rearing on a large scale is a primary requirement for any 
entomological research programme. Toxicological studies require a large 
number of insects (adults and immature stages), and mass rearing of 
suitable insect species under standard conditions becomes essential. The 
insect must be adaptable to controlled conditions, easy to handle and 
rear, and adequate fresh food supplies must be available. 
2.1.2 Selection of Test Insect and Rearing Method 
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Commencing from winter 1970, a number of possible test insects was 
reared on a range of eucalypt leaves to assess suitability for the project. 
Initially larvae of the defoliating sawfly, Perga affinis affinis Kirby, were 
us~d, collected in the field by cutting away the branches having their 
bunches and reared in different types of containers. Trials with sawfly 
larvae showed it to be an unsatisfactory test animal. Larvae regurgitated 
a .greenish-brown material which soiled larvae, leaves and rearing jar to 
such an extent that it was difficult to make observation. The larvae 
proved very susceptible to disease, identified by CSIRO as a polyhedral 
virus, which made rearing a rather uncertain process. Considering also 
the long life cycle, taking more than a year [Carne 1962], Perga l arvae 
were not thought suitable for use in toxicological studies. 
The following summer four leaf eating paropsine chrysomelid beetles 
commonly avai l able within the A. N.U. campus, were reared: 
(i) 
(ii) 
(iii) 
(iv) 
Chrysophtharta amoena Blkb. 
C. variicollis Chap. 
Paropsisterna beata Ne\vman 
Paropsis atomaria 01. 
(All identified by Dr P. B. Carne, CSIRO Division of Entomolo gy . ) 
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Egg clusters were coll ected in the fiel d and brought in for rearing 
at 24 °C and at the same time field observations were made on their 
feeding habits, oviposition and laying capacity . 
After coll ecting egg batches of each species from the field, 2 egg 
batches of any one species were placed on fil t er paper in a petri dish 
and put in the constan t temperature room at 24 °C. They were observed 
every 24 hours, until the emergence of larvae which then fed on their egg 
shells . Tender leaves of Eucalyptus blakelyi were placed after the next 
24 hours near to these newly emerged larvae which moved onto the leaves 
and were allowed to feed for a day. Next day, 20 larvae of any one 
species were placed in each of five 400 ml rearing Jars having a filter 
paper in it and closed with a plastic lid having a half inch hole plugged 
with cotton wool . Observations of the larvae were taken in the constant 
t emperature room every 48 hours. The rearing process was repeated 3 
times for each species. Young leaves of E. blakelyi were mostly used for 
food, occasionally with leaves of E. polyanthemos, E . bicostata, E. dives 
and E. camaldulensis. The larvae of each species readily fed upon the 
leaves provided. Life cycles of these four species were studied and are 
described later. 
Larvae of Paropsisterna were dark brown furnished with black hairs. 
Twenty eggs per batch on average were recorded for this species. Both 
the low egg laying capacity and hairy body were not considered suitable 
for mass rearing and topical application of insecticide. Similarly 25 
eggs per batch on average were recorded for Chrysophtharta amoena . Its 
larvae were smaller hence not suitable for handling during 
topical application of insecticides. TI1e cross breeding of 
ChI";1sophtharta variicollis with its dark relative paropsine was commonly 
observed in the field: their rearing in the ~aboratory was always 
leading to confusion of yellow and black variety emerging from the same 
batch of eggs . In addi tion to lower fecundity , irregular oviposition was 
common, e.g. 7 eggs per batch,. going up to 100 eggs/batch. This tendency 
of irregular l aying was undesirable. These various features led to the 
rejection of these species as test animals. 
-
Paropsis atomaria laid more than 100 eggs per collar with an average 
of more than SO eggs/collar. Its oviposition habit was quite regular as 
observed throughout the study, and its females readily laid eggs in 
captivity. The larvae of Paropsis were free from any scaly and hairy 
structures which might interfere with insecticide treatments . 
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After studying all these chrysomelids, and consultation with Dr P.B. 
Carne of CSIRO Division of Entomology, P. atomaria was clearly the most 
suitable test insect, using Eucalyptus blakelyi Maiden as a suitable 
food plant. 
2.1.3 Maintenance of E. Blakelyi in Greenhouse Conditions 
A sm~ll greenhouse size 2.7 x 2.4 m was covered with a double layer 
of plastic mesh screening cloth ('Sarlon' giving SO% shading) to prevent 
overheating and infiltration of undesirable insects. In the last week of 
October 1970, 62 young plants of Eucalyptus blakelyi in 22.S x 15 cm 
plastic pots were put in the greenhouse, pruned and cleaned of the 
undesirable twigs, leaves and insect pests which were brought in with 
them. The plants were daily irrigated with a hose and liquid fertiliser 
(Aquasol) was applied once a week. Later fertiliser was applied fort-
nightly. Irrigation was required very frequently (once or twice a day) in 
summer, but in winter once a ·week was sufficient. After the first summer, 
160 more eucalypts were purchased and maintained to replace the plants 
which had been defoliated and debilitated by P. atomaria or othen~ise had 
died. Every winter the greenhouse was kept warm by means of two 2 kW 
convection strip heaters under thermostat control at 22 °C which was 
satisfactory both for plant growth and elimination of diapause in 
P. atomaria. Plants in the greenhouse were used for rearing Paropsis 
and also their leaves were utilised for supplementing the food of the 
larvae under study in the constant temperature room, although usually 
eucalypt branches with young foliage were brought in from the field. 
2.1.4 Problems with Food Plants 
Old leaves of E. blake lyi inside the greenhouse were very susceptibl e 
to black powdery disease Phaeoseptoria eucalypti [H ans .] Walker which caused 
leaves to dry and fall off . 
Young and tender leaves were infest ed badly by the white mildew, 
Oidium eucalypti Rost. causing the plants to wither . Both Phaeoseptoria 
and Oidi wn belong to a group of Fungi Imperfecti . They were controll ed 
by spraying plants with Captan and the systemic fungicid e Benl ate, besides 
plucking away the diseased leaves. 
Many coleopterous, hemipterous, hymenopterous and lepidopterous 
insect pests attacked the leaves in the greenhouse and steps , including 
fumigation and hand picking , were taken to eliminate them. 
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2.1.5 Large Scale Rearing Programme for Paropsis 
To start large scale rearing, 50 egg collars, 165 second instar 
larvae, 170 fourth instar larvae, 50 males and 72 females of P. atomaria 
collected from the field were released in the first week of November 1970 
on the young eucalypts in the greenhouse. Afterwards the breeding 
population was supplemented by frequent releasing of adult beetles either 
reared in the laboratory or collected from the field. In total 813 adult 
beetles were set free on various occasions comprising 437 Paropsis females 
and 376 males during 1970 - 7 3, mainly in the summer. 
The success of the programme is evident, as more than 13000 larvae 
of different instars were used for actual insecticide applications plus 
several thousands of eggs and larvae used for the other studies described 
in . this thesis. Such a rearing programme inevitably took a considerable 
amount of time each year. 
In spite of strict vigil_ance many problems were faced both in the 
greenhouse and the constant temperature room including fungal and pest 
insect attack on the eucalypt plants and some physiological problems with 
both the study insect and the host plant. 
2.1 . 6 Test Insect Rearing in the Constant Temperature Room 
Temperature was controlled at about 24 °C, but the relative humidity 
was uncontrolled in the constant temperature room. The room was lit 24 
hours a day by a fluorescent light. To reduce problems with insects, 
general cleaning and hygiene of the room was maintained regularly, with 
formalin fumigation twice a year, followed by ventilation for 10 days. 
The rearing jars were sterilised frequently in an autoclave with 15 lb 
pressure per square inch for 15 minutes and washed with 'Pyroneg' 
detergent before every experiment. The larvae required for treatment 
were always conditioned to the constant temperature room by rearing them 
in it from one stadium earlier than the one desired, e.g. firs t instar 
larvae were picked from the eucalypts in the greenhouse and put in the 
rearing j ar s in the cons~ant temperature room. More than the required 
number of first instar larvae were taken to ensure that sufficient 
numbers of second ins tar larvae ,Vere available for treatment. Similarly 
third instar larvae were brought up to fourth instar in the constant 
temperature room. 
--
2.2 OBSERVATIONS AND RESULTS 
2.2.1 Host Plants of Paropsis atomaria in 
the Australian Capital Territory 
Frequent observations were made every summer from 1970 - 73 on · 
natural populations of P. atomaria and its ran ge of host plants. In 
some seasons l ate growth of young l eaves of preferred species in the 
spring, or early defoliation by other insects s uch as larvae of the 
sawfly, Perga affinis , resulted in attack on other normally less 
preferred eucalypt species. Alphabetical l y listed below with their 
common names are the species of host plants attacked by P. atomaria . 
Some of these species are not native to the A.C.T. and have been intro-
duced: some of them probably grow outside the natural range of 
P. atomaria. The most frequently us ed host plants are reported by 
Carne [19 66a] and are marked wi th an asterisk in the following list: 
(1) Eucalyptus aggregata Deane & Maiden (Black gum). 
(2) E. albens Miq. (White box). 
(3) E. baueriana Shauer. (Blue box). 
(4) E. bicolor A. Cunn. (Black box). 
(5) *E. bicostata Bl. M. & S. 
syn. E . . st-johnii R. T. Baker (Southern blue gum). 
(6) *E. blakelyi Maiden (Blakely's red gum) . 
(7) E. bridgesiana R.T. Baker (Apple box). 
(8) E. ciner~a F. Muell. ex Benth (Argyle apple). 
(9) *E. cladocalyx F. Muell . (Sugar gum) . 
(10) *E. conica Deane & Maiden (Fuzzybox). 
(11) E. dives Schauer . (Broad-leaved peppermint). 
(12) *E. f astigata Deane & Maiden (Brownbarrel or cut tail). 
(13) E. Zeucox ylon F . Muell . (Yellow gum).-
(14) E. macrorhyncha F. Mue ll. (Red stri11gybark). 
25 
(15) E. mannifera Mudie. ssp . maculosa (R.T. Baker) L. (Brittle gum) . 
(16) *E. melliodora A. Cunn . (Yellow box) . 
(17) E. pauciflora Sieb. ex Spreng . ('Vhite Sallee). 
(18) *E. polyanthemos Shauer . (Red box). 
(19) _ E. qua,drangulata Deane & Maiden (~hite-topped box) . 
(20) *E. regnans F. Muell . (Mountain ash) . 
(21) E. radiata Sieb . ssp . robertsonii Blakely (Narrow-leaved 
peppermint). 
Laboratory obs erved feeding by larvae but natural attack in field never 
recorded on following eucalypts: 
(22) E. camaldulensis Dehn. (River red gum). 
(23) E. cosmophylla F.V.M. (Cup gum). 
(24) E. linearis Dehn. (White peppermint). 
(25) E. pulverulenta Sims. (Silver-leaved gum). 
2.2.2 Egg Laying and Oviposition Behaviour 
After gripping the desired twig with her legs, the female Paropsis 
sits quietly for a while, always facing towards the main stem. It raises 
the abdomen to eject the egg and brings it down slowly to fix the egg 
upright, followed by touching with a pad-like structure protruded out 
from the abdomen as if to ensure fixation of a laid egg. The Paropsis 
female does not lay eggs briskly. After a while she moves anti-clockwise 
to lay the next egg very close to the previous, always remaining facing 
the stem not the apex. She continues moving anti-clockwise around the 
shoot and deposits the eggs in the form of a round collar. Colouration 
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of the eggs is quite variable, for example, eggs are creamy, light brown, 
brown; pink, even sometimes mauve in appearance. Sometimes females lay 
eggs in a combination of two colours in the same collar. Egg colour may 
have some correlation with viability, e.g. pink eggs I observed on several 
occasions failed to emerge. However, several females may contribute to 
one egg collar and this may explain some observed colour differences 
[Carne, pers. comm.]. First and second instar larvae of Paropsis would 
often eat eggs they encountered, especially in captivity. 
Observations were made of the location on the host plant preferred 
by Paropsis females for egg laying both in the field and in the green-
house. Representative counts of egg col l ars l aid on E. blakelyi were 
taken at random in the greenhouse as we ll as in the field. 
More egg coll ars were laid on the western side of plants in both 
greenhouse and field (65 % and 60% respectively) and more were laid in the 
mid upper crown than the l ower crown (58% in .both greenhouse and field). 
This reflects the greater incidence of young growth in the upper crown of 
the tre e and also the preferential defoliation of young growth . It was 
observed while sampling in the field that Paropsis females usually 
utilise the northwest to s outhwes t aspects because the sun remains longer 
27 
on these aspects and less on the east and southeastern, with less 
exposure to the sun and probably less youn g foliage. It suggests that the 
female beetles ovulate in the warm hours of the day and select shoots of 
the west oriented mid upper crown due to sun orientation. My findings on the 
lower and midtop foliage agree with the results of Greaves [1966] who 
examined lower, middle and upper crown positions, correlating them to the 
defoliation by Chrysophtharta birraculata . 
2.2.3 Correlation between Twig Diameter 
and Number of Eggs Laid 
Frequent sampling of egg batches or collars from the field as well 
as the greenhouse gave estimates of mean number of eggs per collar. Twig 
diameter on which the egg clusters were laid was measured by means of a 
micrometer to determine the preferred diameter range for oviposition by 
Paropsis females on twigs of Eucalyptus aggregata, E. blakelyi, 
E. paueiflora and E. polyanthemos (Table 2.1). 
Twig sizes range from 14-lSOxl0-3 inch diameter, although means 
were bet\\'een 44.8 and 61.2 x 10-3 inch for different species, with narrow 
confidence limits. 
Data on twig diameters and egg-counts per collar were subjected to a 
'Student-Newman-Keul' (S.N.K.) multiple range test for comparison of the 
means for different eucalypt species. Non-significant subsets at the 5% 
level indicated in Tables 2.1 and 2.2. 
Counts of eggs per collar were made for different species of host 
plants (Table 2.2). Egg counting was done in the laboratory after 
cutting away shoots from the host plants. Counts ranged from 15 - 118 
eggs per collar with mean values almost 60 with reasonable accuracy of 
confidence limits. Egg-collars have a range of 1 - 11 rings in a spiral, 
but usually about 5 rings in one spiral. Besides normal laying around 
terminal green shoots, sometimes Paropsis females l a id around the dry 
twigs, leaf stalks and on the apex of leaves of host plants. 
Absolute range in size preferred (44.8-61.2xl0- 3 inch) is probably 
more meaningful than species differences in twig size. Thus E. blakelyi 
shoots in the greenhouse would tend to be more spindly, but were the only 
)nes available to the female Paropsis . On the other hand, the large size 
shoots selected by females on E. pauciflora may reflect characteristically 
thicker new growth shoots for this species. 
Host Species 
E. blakeZyi 
E. aggregata 
E. poZyanthemos 
E. blake lyi 
E. paucifZora 
Host Species 
E . aggregata 
E. pauci flora . 
E. polyanthemos 
E. blakeZyi 
E. bZakelyi 
TABLE 2 .1 
Twig diameter for egg laying (x 10-3 inch ) (in ascending order of means ). 
Location N Mean S.E. Confidence Limits Range Non-s i gnificant 95 % Subs ets (P=0 .05) 
I 
Gr eenhouse 218 44.8 0. 806 43.2 - 46.4 88 -1 8 
Field 194 4 7. 6 1. 069 45.S - 49 .7 75 - 25 
Field 210 48.4 0.733 46 .9 - 49 .8 76-15 
Field 329 53.2 0.91 8 57.4 - 55 .0 150- ltl 
Field 155 61.2 1.172 58 .9 - 63 .5 86- 31 
TAB LE 2 .2 
• Eggs per collar by P. atomaria female (in ascending order of means) . 
I Con fidence Limits Non- significant Location N Mean S. E . 95 % Range Subsets (P=0.05) 
Field 187 52.90 1.151 50. 64 - 55 .17 110-24 
Garden 116 58 . 35 1. 612 55.18 - 61 .53 99-18 
Field 145 61.67 1.645 58.43 - 64 .91 118-23 
Field 342 62.08 1.078 59 . 96 - 64.19 115-15 
Greenhouse 213 62.42 1.012 60 . 44 - 64 . 41 103-35 
N 
00 
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It was not clear why so few eggs per collar were l a id on the thin 
shoots of E. aggr egata . It had been noted that genera lly fewer eggs were 
laid on t hic- ·er shoots , more on th i n shoots . 
To r e late number of eggs per collar to t wig di ameter on which they 
were l aid, 18 t wi gs Kith egg coll ars over a range of sizes from 
25 - 150 x 10- 3 inch were t aken at random and the numbe r of eggs on each 
count ed (Table 2 . 3). 
Si ze 
( x 10- 3 inch) 
25 
25 
28 
30 
36 
38 
40 
41 
50 
TAB LE 2.3 
Number of eggs laid per coll ar on 
t wigs of given s i ze. 
Si ze 
( x 10- 3 i nch) No. of Eggs No. of Eggs 
103 
90 
105 
118 
98 
113 
85 
95 
83 
60 
65 
70 
77 
80 
90 
110 
130 
150 
47 
47 
26 
15 
55 
44 
44 
38 
25 
Since this data proved curvilinear, a log/log transformation was 
done prior to regression analysis (Fig. 2.1). The regression equation, 
y = 3.0649 + (-0.7496 x), described the regression line: the correlation 
coefficient r = -0. 803 8 ca lculated from the data indicates a s trong 
negative r e l ationship between twig diameter and nlUnb er of eggs l aid per 
coll ar (Fig. 2 .1). 
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Fig. 2.1: Regression line for numb er of eggs laid against t wi g di ame t er . 
2.2.4 Egg Viability 
For this study 7191 eggs, spread over 36 samples, were collected, 
commencing November 1971 to May 1972. For this purpose, 2 to 3 egg 
collars were placed on filter paper ·in each petri dish and the dishes 
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put in the constant temperature room at 24 °C. Once within 48 hours eggs 
were examined for hatching: on emergence , tender leaves were placed near 
the egg collar in each dish. The first instar l arvae after eating egg 
shells migrated to food leaves, at which time they were counted (Table 2.4). 
TABLE 2.4 
Percentage hatch of Paropsis eggs. 
Month No. of Eggs % 
Placed Hatched 
November 1971 3081 2373 77.0 
January 1972 958 886 92.5 
February 1972 1059 947 89.4 
March 1972 629 600 95.4 
April 1972 619 579 93.5 
May 1972 845 782 92.5 
Emergence was lowest in November, emer gence of batches ranging from 
61 - 90% (mean 77%), reaching a peak in January to mid -May, after which it 
declined below 90%. The sample spread shows that percentage of hatching 
for 20 samples ranged from 90 - 100%, for 10 samples was 80 - 90%, for 3 
samples 70 - 80% and for 3 samples 60 - 70% . Egg viability is thus usually 
above 90%. This fi gure was obtained at a constant temperature of 24 °C; 
therefore, this cannot be compared with natural hatchability. It gives, 
however, an idea that Paropsis fecundity and fertility is high . 
2.2.5 Storage of Paropsis Eggs at Low Temperatures 
Ensuring adequate supplies of larvae at any time had i nh erent 
problems to overcome. Attempts were made to del ay hatching of eggs until 
needed by keeping them at low temperatures. 
Egg collars were collected in the field from November to March 1971. 
After counting, the eggs (2532) were divided into t\vO lots of 20 egg-
collars and 21 egg-collars. Each lot was p l aced on f il ter paper i n a 15 cm 
petri dish and one lot put in a cold room at 5 - 7 °C and t he other in a 
refr igerator at 3 - 4 °C. 
f 
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After each 5 day interval up to 30 days egg-collars were removed f rom the 
cold treatment and placed in petri dishes in the constant temperature 
room at 24 °C where they were observed every 24 hours. Emerged larvae 
were provided with young eucalypt leaves which were replaced every 48 
hours. Hatchability was severely reduced (Table 2.5) and eggs lost a 
considerable amount of weight by dehydration. 
TABLE 2.5 
Egg hatchability after cold storage 
on dry filter paper. 
Cold Room Refrigerator 
Days 
Elapsed Eggs Hatched % Eggs Hatched % Treated Hatch Treated Hatch 
Control 221 202 91. 4 221 202 91. 4 
5 210 43 20.4 160 32 20.0 
10 180 35 19.4 200 14 7.0 
15 140 15 10.7 267 0 0 
20 170 30 17.6 367 0 0 
25 166 0 0 194 0 0 
30 244 0 0 254 0 0 
In the cold room no hatching of eggs occurred after 20 days. The 
emergence ranged from 10.7% (minimum) tO 20.4% (maximum), while in the 
refrigerator no hatching occurred after 10 days in the cold, with rapid 
decline in emergence from 20 to 7%. These values must be compared with 
the normal emergence of over 91% for Paropsis eggs. The slightly lower 
temperature caused a rapid and severe decrease in viability. 
Since dehydration was an obvious problem- the experiment was r epeated 
with the egg collars placed on moist filter paper in the petri dishes. 
Again two lots of 19 egg-collars each totalling 2234 eggs were placed in 
the cold room and refrigerator and were daily moistened with distilled 
water. After 5 day intervals, collars were again moved to the 24 °Croom 
and observed at 24 hour intervals for emergence (Table 2.6). 
Far better hatching was achieved after adding moisture, especially 
in the refrigerator treatment, which varied from 16.8 to 47.7 % emergence 
extending to 20 days instead of 10 days previously obs erved (Tabl e 2.5). 
However, emergence remained f ar be lo\v emergence under normal conditions: 
Days 
Elapsed 
Control 
5 
10 
15 
20 
25 
30 
TABLE 2.6 
Egg hatchability after cold 
treatment with added moisture. 
Cold Room 
Eggs Hatched % Eggs Treated Hatch Treated 
221 202 91. 4 221 
158 35 22.7 140 
244 45 18.6 179 
200 60 30.0 170 
212 45 21.0 221 
205 0 0 192 
155 0 0 158 
Refrigerator 
Hatched % Hatch 
202 91. 4 
32 23.0 
30 16.8 
60 35.3 
105 47.7 
0 0 
0 0 
even maximum value of cold treatment series did not approximate the 
minimum vlaue of hatching obtained without cold treatment. The technique 
was discarded as impracticable for holding eggs until required, although 
. 
somewhat higher temperatures between 10 - 20°C may hold some promise. 
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Weight loss during cold treatment was considerable, and whereas mean 
weight of fresh eggs was 0.664 mg per egg (N = 2352), (Table 2.7), cold 
treated eggs had a mean weight of 0.336 mg (N = 2369) a loss of 49.4%. 
Fresh eggs ranged in weight from 0.483 mg to 0.983 mg while for treated 
eggs, weight ranged from 0.253 to 0.455 mg/egg. Unfortunately at the 
time of the experiments, observations were not made to relate size of the 
fresh eggs or per cent weight loss to relative survival. Fungal infection 
of the moistened eggs could also have affected hatching. 
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TABLE 2 .7 
Weigh t ranges of Paropsis eggs 
Fresh eggs Treated (Cold) 
No. of Weight We i ght / egg No. of Weigh t Weight/egg 
eggs (mg) (mg) eggs (mg) (mg) 
63 53.8 0.854 284 97.4 0.343 
78 . 61. 8 0.79 2 177 54.3 0.307 
60 59.0 0.983 173 52.3 0.302 
63 37.4 0.594 211 73.4 0. 349 
52 48.3 0.929 332 109.0 0.328 
44 26.0 0.591 267 92.3 0.346 
70 34.0 0.486 267 121.6 0. 455 
65 38.0 0.585 166 55.0 0.331 
so 34.4 0.688 283 71.7 0.253 
60 45.0 0.750 209 68.0 0.325 
140 96.S 0.689 
144 78.8 0.547 
130 70.0 0.538 
96 . 78.7 0.820 
120 58.0 0.483 
Wt. of treated egg = 0.336 mg/egg 
Wt. of fresh egg = 0.664 mg/egg 
2.2.6 Life Cycle after Cold Treatment of Paropsis Eggs 
After subjecting the eggs to cold treatment and subsequent emergence 
in the 24 °C const ant temperature room, l arvae were reared through to 
determine any effect on development (Table 2 . 8) . 
Although eggs hatched sooner from the refr igerator, larval dev2lop-
ment was extended by 7 days compared with eggs from the slight ly warmer 
cold room. There was little difference between the total pTepupal/pupal 
period, but whereas prepupal stages were shorter from the refrigerator 
treatment , the pupal stage was longer. No expl anation can be given for 
these differences but the duration of life cycle in both cases is more or 
less normal (cf . Table 2 . 9) . 
TABLE 2 .8 
Paropsis life cycle from eggs stored 
at low temperature. 
Cold Room Refr i ge r ator 
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Stage Instar Period in Days 
Minimum Maximum Average 
Period in Days 
Minimum Maximum Average 
Egg 
Larva 
Prepupa 
Pupa 
Total to adult 
10 
2 
2 
4 
7 
8 
7 
40 
11 
3 
3 
5 
8 
9 
8 
47 
10.5 
2 .5 
2.5 
4.5 
7 :·S 
8.5 
7.5 
43.5 
4 
3 
4 
7 
8 
5 
11 
42 
8 
4 
s 
8 
9 
6 
12 
52 
6.0 
3.5 
4.5 
7 . 5 
8. 5 
5.5 
11.5 
47.0 
In my experiments low temperatures could not be used to defer egg 
hatching without a marked loss of viability and many other ins ect eggs 
seem similarly affected (see discussion Section 2.6). 
2. 3 BIOLOGY OF PAROPSIS ATOMARIA 
2.3.l Introduction 
Studies on the bionomics, ecology and biology of Paropsis have been 
done earlier by Cumpston [1939] and Carne [1 966a]. Cumps ton had given the 
period of development for the various stadia, and the total period of 
43 - 58 days from egg to adult agrees well with my resu lts (Table 2 . 9). 
Carne [1966a] has de alt with the ecol ogy of P. atomaria at length and gave 
· a total development period of from 46 - 57 days . Both Carne and Cumpston 
indicat ed that diffe rences in the duration of the various stages and in the 
larval behaviour under natural and l aboratory conditions were small. My 
results agree closely with those of Carne. 
Among all the paropsines inves ti gated, P. atomaria took the longest 
period to comp lete its life cycle. Except for this longer period, 
P. atomaria has many advantages fo r toxicological studies over the other 
paropsine beet l es , like larger number s of eggs, gregarious larval habit 
and body apparent ly free from any gr easy , scaly and hairy structures , 
TABLE 2.9 
Life cycle of P. atomaria at 24 oc. 
Duration in Days 
Stage Instar 
Minimum Maximum Average 
Egg 7 10 8.4 
I 3 4 3.5 
II 2 3 2.6 
Larva III 6 11 7.8 
IV 5 9 7.5 
Prepupa 3 6 4.4 
Pupa 5 14 9.4 
Total to adult 31 57 43.6 
The newly emerged adult Paropsis beetle is a creamy colour and 
remains stationary for two days while the cuticle hardens, after which 
the beetle moves in search of food. Within a week the beetle becomes 
creamy-pink, when bluish dots start developing. The bluish pigmentation 
is more conspicuous in the male [Carne 1966a] but it is difficult to 
distinguish between male and female in the field prior to mating. 
2.3.2 Seasonal Observations on P. atomaria 
Paropsis has an adul t diapause for about 6 months. The beetles 
overwinter under dry leaves and bark, in holes or other debris usually 
on the host plant. By late September, the Paropsis beetles move out onto 
the leaves of the host plant and are commonly seen on warmer and clear 
days after mid-October, but without much activity. Some appeared to be 
mating. In November they start migratory flights to the .species of 
eucalypts which sprout young fresh foliage early in the season. Around 
Canberra, first populations of Paropsi s for the season were usually 
observed on E. leucoxylo;-i , especially when the preferTed species, 
E. blakelyi had not sprouted or could not keep pace with adequate fresh 
foli age due to early attack of Perga sp., Gonipterus sp. and other pests . 
Mating of Paropsis in the fiel d on the host plants started in ear ly 
ovember and eggs were then commonly observed after the midd le of 
November. Peak populations were observed during December to mid-March , 
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depending upon warm conditions and foliage availability . When the 
season remained warm in 1973, collections were possible in late April. 
2.3.3 Termination of Adult Diapause 
Adult Paropsis beetles undergo diapause during winter and this 1.vas 
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a drawback to the use of this species as an experimental animal, as large-
scale breeding could not be continued a ll year round. Again , if di.apause 
was terminated, eucalypts in general stop sprouting in winter and young 
foliage wou ld not be available. 
In the last week of March 1971 , young host plants were heavily 
pruned to leave only two-thirds of the stem. After pruning no special 
treatment was given to plants except for the application once a week of 
'Aquasol' liquid fertiliser at a dilution of 2 teaspoons in 2 gallons of 
water. The greenhouse was kept warm with 2 kW convection heaters, 
particul ar ly at night, and illumination was maintained 24 hours a clay. 
A week after pruning, sprouting occurred from the auxiliary stem buds, 
and later from the lignotubers. The sprouting was complete after 3 weeks 
and most young plants had produced new growth: a month after pruning, 16 
plants out of 123 failed to sprout. A supply of young foliage suitable 
for feeding P. atomaria could therefore be produced during the winter. 
A preliminary Paropsis culture raised in the constant temperature 
room and consisting of 45 males and 69 female beetles plus 40 full grown 
fourth instar larvae and 32 pupae, was released in the greenhouse at the 
end of April 1971. The natural diapause of Paropsis adults appeared to 
be broken as mating of beetles was followed by egg laying in the first 
week of June 1971, although only 2 egg collars were laid. 
Thermostat and illumination timer facilities were established in the 
greenhouse at the end of June 1971, with a high intensity mirror backed 
lamp and two convection heaters to maintain a temperature day and night 
of not less than 22 °C and a daylength of 16 hours but without control of 
humidity. The success of these measures resulted in egg collars laid 
throughout the winter (Tables 2 .10 - 11) and in the wi11ter of 1971 an 
a\erage of 7 . 6 gg collars\ as laid by each fema l e . Tl is fecundity value 
more or less is similar to the average of egg batches recorded by Carne 
[19 66a] under laboratory conditions for each Paropsis female . · 
Sample Egg Collars 
No. Date laid Date 
(June) 
1 5.vi.71 2 3.vii.71 
2 12. vi. 71 5 10.vii. 71 
3 19.vi. 71 7 17.vii.71 
4 21.Vi.71 4 24.vii. 71 
5 
Total 18 
Sample Egg Collars 
No. Date (January) Date 
1 3.i. 72 21 7.ii. 72 
2 10.i.72 52 14.ii.72 
3 17.i.72 10 21. ii. 72 
4 24.i.72 43 28 . ii..72 
5 31.i. 72 85 
Total 211 
TABLE 2 .10: 
Egg Count after Termination of Diapause in P. atomaria for 1971. 
Egg Collars Egg Collars Egg Collars Egg Collars Egg Collars 
laid Date (August) Date (September) Date (October Date (November) Date 
(July) 
5 1. viii. 71 10 6. ix. 71 17 11.x.71 15 2. xi. 71 26 2. xii. 71 
8 8. viii. 71 7 13.ix.71 27 18.x.71 15 10. xi. 71 29 9. xii. 71 
3 15.viii.71 15 20.ix.71 30 25.x.71 12 18. xi. 71 32 16. xii. 71 
9 22.viii.71 11 27.ix.71 24 4. xi. 71. 14 25.xi.71 38 23.xii.71 
29. viii. 71 14 30. xii. 71 
25 57 98 56 125 
TABLE 2.11: 
Egg Counts after Termination of Diapause in P. atomaria for 1972. 
Egg Collars Egg Collars Egg Collars Egg Collars Egg Collars 
(February) Date (March) Date (April) Date (May) Date (June) Date 
51 6.iii. 72 46 3.iv.72 21 !. V. 72 88 5.vi.72 13 6.vii.72 
17 •13. iii. 72 24 lO.iv.72 39 8.v. 72 35 12.vi.72 65 15. vii. 72 
30 19.iii.72 20 17.iv.72 52 15.v.72 45 19. vii. 72 57 22. vii. 72 
45 26.iii.72 25 24.iv.72 55 22.v.72 18 26.vii. 72 62 29. vii. 72 
29.V. 72 59 
143 115 167 245 197 
Egg Collars 
(December) 
35 
17 
22 
40 
32 
146 
Egg Collars 
(July) Date 
69 7. viii. 72 
72 14. viii. 72 
81 21.viii. 72 
78 28. viii. 72 
300 
Egg Collars 
(August) 
53 
57 
51 
61 
222 
CA 
CX) 
For the winter of 1972, Paropsis ma l es and females were collected 
from their hibernation sites in the field to see if diapause in these 
beetles could be terminated. The beetl es so collected comprised 101 
females and 84 ma l es which were se t free in the middle of t\pril 1972. 
After release t hey were examined the next day, when most of them were on 
the cei l ing of the greenhouse . After 72 hours and l ater the beetles 
started coming dmvn and began feeding we l 1 at the end of April 19 72 , 
followed by a high level of egg collar production averaging 14.7 per 
fema le, t wice that of the previous winter (Table 2.10). Carne [19 66a] in 
laboratory experiments during the summer season obtained an average of 
9. 2 egg collars per female with a range of 3 - 15. 
No pruning of plants was needed this season and only casual 
replacement of plants with hea lthy foliage was required since plants 
were growing well under ordinary conditions in an adjacent greenhouse. 
Paropsis was bred continuously for 15 months in the greenhouse. The 
minimum number of egg collars laid in any week of 1972 was 20 and maximum 
number of egg batches was 88, compared to 1971 with a minimum of 2 and 
maximum of 40. Egg collar production for the. corresponding months in 
1972 are much higher than for the same months of 1971, for example, 
ratios of June, July and August 1971 as against the same months of 1972 
are 1:12, 1:12, 1:5 respectively. 
Temperature range inside the greenhouse was between 15.5 QC and 
29 ·Qc. 
The observed overwinter life cycle duration for P. atomari.a in 
the greenhous e in these conditions ranged from 63 to 81 days, compared to 
31 to 57 days for beetles reared at 24 QC (Table 2.9). In the conditions 
in the greenhouse , I was ab l e to rear at least 7 generations, whereas 
during the same time i n natural conditions they _would only produce two 
generations . 
2 .4 PARASITES OF PARO.PSIS ATOMA RIA 
Details of parasitisation and predation on differ ent stages of 
Paropsis were essential for an understanding of natural control fac tors. 
2.4.l Egg Parasitisation 
Egg coll ars were collected.from the field at different times . Eggs 
per collar were counted and two to three egg-collars were placed on a 
filter paper in a petri dish and kept in a constant temperature room at 
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about 24 °C, illuminated continuously. Eggs were checked every 24 hours 
to record parasite emergence (Tab l e 2.12). Suecimens were count ed and 
.L 
preserved dry for identification by special ists at the CSIRO Division of 
Entomology , Canberra , A.C.T . 
Egg parasitisation leve l varied from 1.0% to 20.0%, with a mean of 
8.9% (Table 2.12). Un f ortunate l y, no count was made at the time of the 
relative density of egg coll ars on trees, so no correlation can be made 
between l eve l of parasitisation and number of egg collars to indicate the 
density-dependent relationships existing between parasi te and host. 
Paropsis atomaria would be an ideal insect on which to observe the 
operat ion of such density-dependent factors. 
TABLE 2.12: Emergence data for Paropsis egg parasites. 
Sample No . of Date of No . of Percentage of 
No. Eggs Emergence Parasites Parasitisation 
Emerged 
1 72 14.iv.71 14 19.4 
2 144 21.iv.71 15 10.4 
3 150 2.xii.71 11 7.3 
4 117 21.i.72 11 9 ~·4 
5 102 1.ii.72 6 5.8 
6 71 23.ii.72 8 11.4 
7 99 2.iii.72 2 2.0 
8 75 8.iii.72 6 8.0 
9 90 11.iii. 72 1 1. 1 
10 130 16 . iii.72 14 10.1 
11 151 19.iii.72 10 6.6 
12 126 8.iv.72 14 11.1 
13 142 23.xii.72 26 18.3 
14 105 27.xii.72 21 · 20 .0 
Total 1574 159 8 . 9 
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2.4.2 Species of Egg Parasites of P. atomaria 
l. Aphanerome lla ovi Dodd.,Hymenoptera; Platygasteridae; 
Inostemminae . (Determined by E. F. Riek, 1971) . 
. This egg parasite of Paropsis was encountered every summer from 
1971 to 1973. Seems to be common. 
2. Cf. Epiencyrtus sp. Hymenoptera; Encyrtidae; Encyrtinae. 
(Determined by E.F. Riek, 1971). 
This species is reported to be a gregarious parasite. It was only 
once bred from Paropsis eggs in 1971 and was not subsequently encountered. 
3. Neopolycystus insectifurax Garlt. Hymenoptera; Pteromalidae; 
Pteromalinae. (Determined by E.F. Riek, 1971). 
Bred from Paropsis eggs throughout the study period and commonly 
found. 
4. Genus and Species unknown, Hymenoptera; Sphegigasterini; 
Pteromalidae. (Determined by Miss J.C. Cardale, 1973). 
More than a dozen specimens emerged from Paropsis eggs on 22.iii.73. 
5. Genus~ Species and family unknown, Hymenoptera; Chalcidoidea. 
(Determined by Mr G.A. Holloway, 1973). 
These dark metallic blue chalcids emerged in good numbers on 
16.iii.1973, from the eggs of Paropsis. Parasites were observed jumping 
actively, showing norma l emergence. 
6. Genus and Species unknown, Hymenoptera; Proctotrupoidea; 
Diapriidae, (Determined by Mr G.A . Holloway, 1973). 
The family is reported to parasitise the eggs , larvae and pupae of 
Coleoptera and Lepidoptera. 
These metallic black diaprids were bred from Paropsis eggs in the 
laboratory during March 1973. Only a few specimens were encountered. 
7. Trissolcus sp. Hymenopt:era; Scelionidae; Telenominae. 
(Determined by E.F. Riek, 1971). 
Bred from PaY'ops'is eggs during February 1971, but not subsequently 
encountered . 
I ' 
They were observed and also reported as solitary egg parasites. 
Scelionids are egg parasites for a wide range of insects and other 
a!thropods. In Australia they have been recorded as egg parasites of 
Hemiptera, Lepidoptera and Coleoptera. 
Parasitised eggs of Paropsis looked dull brownish, especially near 
or after the emergence of parasites. 
2.4.3 Parasites of Paropsis Larvae 
Frequent checks were made on larval parasites of P01?opsis by 
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sampling larvae in the field. During frequent · sampling in the summer 
season of 1971 - 72, full grown larvae of P. atomaria were collected at 
random from the eucalypts of the experimental area within the A.N.U. 
campus. These larvae were kept in the laboratory for further observation 
on the emergence and development of parasites. Every sample was divided 
into batches of 40 larvae which were placed on filter paper discs in 15 cm 
diameter petri dishes with a supply of fresh foliage of E. blakelyi., 
and were maintained in a constant temperature room at about 
24 °C. Dishes and leaves were changed every 48 hours, and larval develop-
ment cibserved every 24 hours. 
Paropsis larvae were parasitised by tachinids, ichneumonids and 
br~conids as primary parasites. 
As larvae approached the prepupal stage, they looked apparently 
healthy, although a little darker and greasy in appearance. A few days 
after entering the prepupal stage, parasitised prepupae became darker in 
colour and lost all the brightness of normal prepupae. The full grown 
tachinid larvae mainly bored out of the host body through a round hole, 
thus mummifying the host. In certain cases, tachinid larvae may remain 
in the host body and form puparia therein, possibly due to hyperparas iti-
sation by Perilampus tasmanicus. Settling down after a few hours, they 
formed tyvic.al fly puparia of li ght colour which later became dark brown. 
Adult flies emerged within 3 weeks after the date of collection of the 
full grown Paropsis l arvae from the field. 
Parasitisation by tachinids ranged frmn O - 20. 0% (mean 11 % ) , while 
parasi tisation by Hymenoptera ranged from O - 25% (mean 8 . Cl %) . Combined 
parasitism by the two groups was va~')' ing fror1 0 -- 41. 3 ~5 v:ith a mean value 
of 19.5% (Table 2.13). 
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Peak parasitisation was recorded from the middle cf February, March 
and April (Table 2.13), although showing considerable variation. As with 
egg-parasitisation, the density of Paropsis larvae was not recorded at 
the time of making collections: if this had been done, some of the 
apparent variability of parasitisation may have been ascribed to normal 
density-dependent relationships. Also, difficulties of recognising 
different parasitic fly species prevented assessment of relative degree 
of parasitisation by the different species. 
In general, parasitisation by Diptera was higher than by Hymenoptera. 
Parasitisation of eggs and larvae caused a marked reduction in the Pa1~opsis 
populations, even without predation by coccinellids and pentatomids taken 
into account: taking the highest level of egg parasitisation (20%) and 
th~ highest larval parasitisation (41.3%), an effective mortality of 52.5% 
can be achieved by the time Paropsis larvae are ready to pupate, according 
to assessment made in the laboratory- of these field-collected eggs and 
larvae. 
Sample 
No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
Total 
TABLE 2.13: Parasitisation of Paropsis larvae 
by Diptera and Hymenoptera. 
Date of No. of Parasitisation 
Sampling Larvae Hymen-Collected Diptera 
optera 
19.xii.71 143 5.0 5.5 
20.i.72 128 4.7 0 
15.ii.72 195 20.0 10.7 
S.iii.72 160 16.3 25.0 
11.iii.72 141 19.2 8.5 
16 .iii. 72 200 20-. 0 12.5 
21.iii. 72 125 0 0 
28 .iii. 72 560 4.7 4.7 
5.iV,72 124 19.4 16.1 
1776 Mean 11.0 8.6 
(%) 
Total 
10.S 
4.7 
30.7 
41.3 
27.7 
32.5 
0 
9.3 
35.5 
19.5 
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Biol og i ca l control of P. atomaria i s cl ear ly an important fact or. 
Wh en spr aying i nsecticides , ar e the par asites and pr edators like l y to be 
sever e ly aff ect ed? The toxicological study us ing low dose s of insectic ides 
was int end ed t o e luci date both th is _ques~ion and the eff ectiveness of such 
low dos es for the control of the pest. 
2.4.4 Species of Larval Parasites 
A. DIPTERA 
1 . Froggattimyia anguliventr is Mall. Tachinidae. (Determined by 
Dr D.H. Colless). 
Commonly reared from Par opsis larvae during every summer. 
2. Froggat timyi a tillyardi Mall. (Determined by D.H. Colless). 
Taxonomic position is same as for F. anguliventris . 
Bred from the host larvae every summer. 
3. Paropsivor a spp. Tachinida.e. (Determined by D.H. Colless, 1971 - 73) . 
The Paropsi.vor a genus embraces a complex of severa l species, still 
insufficiently studied. Members of the genus have not been de scribed so 
far up to species level (verbal communication by Colless (1973]). 
They were bred in quite good numbers from Paropsis larvae during 
every summer. Their overall parasitism was higher than any other larval 
parasites of Paropsi s. Paropsi vor a and other earlier mentioned tachinids 
parasitise the larvae of other paropsines, especially Chrysophtharta 
larvae. 
B. HYMENOPTERA 
1. Ar idelus sp . Braconidae . (De t ermined by Dr E. F . Riek , 1972, and 
Mi ss J . C. Cardale , 1973) . 
An unnamed species, it f r equently emer ged f rom Paropsi s larvae as 
primar y paras ites , and many time s was observed in the field around 
Paropsis l arvae during summer . 
2. Bracon sp . Bracon idae . (De t ermined by Mr G. A. Holloway , 1973) . 
This species was onl y encountered on some occasions as a solitary 
par asite . 
It 1s i nt eresting t hat I f ound a hemi pt erous bug , Rayieria basifer 
(Walk . ) (Heteroptera, Miridae) associated with Paropsis and Aridelus . 
This bug displayed mimetic colouration to Aridelus wasps . Many of the 
features of either insect resemble very close ly the other. Rayieria 
bugs may be egg or larval predators of Paropsis , although this was not 
ob served in the fie ld . 
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. 3. Mesochorus sp. Ichneumonidae. (Determined by E.F. Ri ek, 1971 - 72). 
Every summer Mesochorus was reared commonly as endoparasites of 
Paropsis larvae. On the basis of numbers of an individua l species 
Mesochorus outnumbered the other larval parasites. Hyperparasitism was 
noted on this species. 
4 . . Perilwrrpus tasmanicus (Cameron), Pteromalidae; Pteromalinae. 
(Determined by E.F. Riek, 1971-72, and Miss J.C. Cardale, 1973). 
These short stout metallic wasps were reared frequently throughout 
the study period from the pupariurn of tachinid parasites, and less often 
from the cocoons of Mesochorus wasps . 
5. Genus near Poecilocryptus Cameron, Ichneumonidae. (Determined by 
Mr G.A. Holloway) . 
Members of this genus differ from Mesochorus wasps in colouration 
patte~ and ovipositor structure. 
They were reared from the larvae of Paropsis in February 1972, and 
again 1n February 1973, but in small numbers. 
6. Tetrastichus sp. Eulophidae. (Determined by E.F. Riek, 1971). 
These minute metallic black parasites emerged once only at the 
pr·epupal stage of P. atomaria and also from prepupae of Gonipterus weevil. 
In Australi a , members of the Tetrastichinae are reported to b e parasites 
of lepidopterous and col eopt erous pupae. 
2.4.S Parasitisation of Adult Paropsis 
On_ 6.v.72, Paropsis beetles were found on the ground below the food-
plants in the greenhouse , l ying dorsally and appearing sick. The 20 
affected beetles were collected and submitted to the Department of Insect 
Pathology, CSIRO, Canberra, for examination . It appears that these 
beetles di~d due to parasitisation by a protozoan, Pleistophora sp. 
(D etermined by Dr T.D.C. Grace, 19 72) . 
Infected adult beetles failed to feed and lost co-ordination. They 
went on t \· itching their l egs unt il the ir death . 
Zimin [1 968], after the work of Issi, reports that Pleistophora 
shubergi infects the youn g larvae of Lymantria di.spar L. , a gypsy moth 
46 
(Fam . Orgyidae). The infection depressed the growth of the host after 
6 - 10 days with subsequent reduction in pupal weigh t, marked diminution 
in fecundity (by 15%) and followed by mortality 10 - 15%. The infection 
was transmitted by infected parents to their progeny. Burges and Hussey 
[1971] reported Pleistophora as a primary parasite of fish , crabs and 
stored grain beetles. 
2.4.6 Rearing of Adult Parasites 
Rearing of parasite pupae was done in a constant temperature room at 
24 °C. Groups of 20 tachinid puparia, or 10 hymenopterous cocoons, were 
placed on filter paper in separate 15 cm ~etri dishes. A total of 195 
puparia and 152 cocoons of Hymenoptera was reared through to the adult 
stage. Observations on emergence were made every 48 hours to get 
informa tion about pupal duration (Tables 2.14, 2.15 and 2.16) in relation to 
that of the host. Comparison with- life cycle of Paropsis at 24 °C 
(Table 2.9) indicates that the pupal period of the parasites is well 
attuned to the pupal + egg period for the host of 15 - 24 days, which 
allowin g for host mating and initial larval growth, indicates a required 
pupal delay for parasites of about 18 - 27 days. Ichneumonids which 
emerged in larger numbers than any other group of Hymenoptera, have a 
mean pupal period similar to the tachinid flies, but braconids and 
pteromalids have a rather longer pupal period. Whereas emergence of 
tachinids ceased in April, the hymenopterous complex of parasites 
continued emerging until May for ichneumons and as late as September for 
braconids and pteromalids. Mesochorus emerged up to May, while the 
braconids and pteromalids continued to emerge late in September, under 
controlled conditions which may not occur in the field. 
Although puparia of dipterous parasites were kept at constant 
temperatu re, less time was spent in the pupal stage during the months of 
January and February than in iiarch and Apri l (Table 2 .1 4) . Since pupae 
were kept in constant temperature , some form of preconditioning may have 
occurred at the larval stage , either in response to temperature or host 
tissue quality, which again might be dependent on quality of host food 
plant. 
T, BLE .2 . 14: Pupal duration, Diptera . 
Duration in Days 
Month/Year 
Minimum Maximum Average 
---
January 1972 15.S 17 .0 16.2 
II II 14.0 15.0 14.6 
February 1972 9.7 11 .0 10.S 
arch 1972 17.0 19.0 18. 0 
II II 18 .7 19.6 19 . 0 
II II 11.6 13.0 12.3 
April 1972 18.0 20.0 19 . 0 
II 
" 15.5 17.5 16.5 
January 1973 11.6 13.7 13.0 
" " 16.0 18.0 18.5 
TABLE 2 . 15: Pupal duration for hymenopterous parasites, 
1esochorus sp . (I chneumonidae) . 
Duration in Days 
Month/Year 
Minimum Maximum Average 
March 1972 12.5 13.5 13.0 
" " 13.5 14.5 14.0 
II 
" 19.0 20.0 19.5 
" " 13.5 16.5 16.0 
II 
" 10.0 15.0 12.5 
II 
" 20 .0 21.0 20.5 
Apri l 1972 17.0 19.0 18.0 
II 
" 18 .0 20.0 19.5 
May 1972 27 .0 29 . 0 28 . 8 
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TABLE 2.16: Pupal period of braconid and pteromalid 
hyrnenopterous parasites 
Sample 
No . Month/Year · 
1 March 1972 
2 April 1972 
3 " " 
4 May 1972 
5 " " 
6 " " 
7 " " 
8 June 1972 
9 July 1972 
10 August 1972 
11 September 1972 . 
12 " " 
2.5 PREDATORS OF PAROPSIS ATOMARIA 
2 .5. 1 Egg Predators 
Duration in Days 
Minimum Maximum Average 
21.6 22.7 22 . 0 
20.0 22.0 21.5 
23.3 24.3 24.0 
28.5 30.0 29.2 
25.5 36.6 26 .0 
25.5 27.0 26.5 
31.0 33.5 33.0 
30.0 32.6 31.S 
27.0 30.5 29 .0 
28.0 31.0 29.5 
37.0 38.0 37.S 
41.0 43.0 42.3 
Young plants of E. blakelyi used for rearing the P. atomaria in the 
greenhouse suffered from infestations of psyllids and coccids . Insecti-
cides could not be used but three pairs (males/females) of three genera 
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of coccinellid beetles (CryptolaermAs, Leis , and Rhizobius) were introduced 
into the greenhouse from the fie ld on 20 . xii.70 and 4 pairs of each species 
were released on 15.i.1971, to see if they could effect biological control . 
The following notes were made about each species: 
1. Cryptolaemus montrouzieri Muls . Coleoptera ; Coccinel lidae ; 
Coccine llinae. (Determined by Dr E.B. Britton, 1971). 
Thes e beetles and their larvae preyed upon the nymphs of psy l l ids 
and coccidsJ and also were observed feeding on the eggs and small r 
-
larvae of Paropsis beetles . 
2. Leis conformis (Boisd.). Coleoptera; Coccinellidae ; Coccinellinae; 
(Determined by Dr E. B. Britton, 1971 ) . 
I 
1: 
These beetles established themselves readily in the greenhouse and 
preyed upon eggs of P. atomaria (Table 2.17 and Plate 1). All stages 
of Leis were recorded and its life cycle observed (Table 2.18). 
Cannibalism was common among different stages of L. conf ormis . Eggs, 
young larvae and their own pupae were attacked by full-grown larvae and 
adult beetles, particularly when held in captivity for rearing purposes. 
Both adults and larvae of Leis increased in number, preying on 
psyllids and Paropsis eggs. This resulted in severe loss of eggs for the 
breeding programme. 
TABLE 2.17: Data on Leis predation on eggs of P. atomaria . 
Date No. of Egg No. of Eggs Percentage Collars Destroyed 
27.i. 71 so 2045 0.0 
11.ii.71 28 . 1417 30.7 
25.ii. 71 20 1250 38.9 
11.iii.71 11 506 75.5 
26.iii. 71 6 238 88.3 
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The increasing level of predation reflects the increase of Leis 
populations from the time of introduction into the greenhouse on 30.iii .70 
and 15.i.71. The higher levels of 75.S and 88.3% predation are probably 
those most typical of field populations. Unfortunately no count could be 
maintained of the predation on Paropsis larvae and psyllids in view of 
the other wor~ load of the project . 
The li fe cycle of Leis was studied at 24 °C; using a total 49 eggs 
taken from the greenhouse and placed in small batches on filter paper in 
petri dishes . Emerging larvae were fed on eggs of Paropsis and psyllid 
nymphs. 
When fed on psyllid~, the larval period was about the s ame as when 
fed on Paropsis eggs; however , prepupal and pupal stages were shorter 
(6 - 9 days) than when reared on Paropsis eggs · (9 - 12 days). Possibly the 
psyllid nymphs produced better growth i n Leis larvae, reflecting in pupal 
development. 
TABLE 2. 18: Life cycle of Lei s conformis , ln days. 
'A' Columns - fed on Paropsis eggs 
I B t Columns - f ed on psyllid nymphs 
Stage Minimum Maximum Min imum Maximum Average 
- A - - B - - A - - B -
Egg 3.0 4.0 3.0 5.0 3 . 5 4 . 0 
Larva 13.0 15.0 13.0 16 . 0 14 . 0 14.5 
*Prepupa 2.0 3.0 1 .0 2 .0 2. 5 1. 5 
Pupa 7.0 9.0 5 .0 7 . 0 9 . 0 6 .0 
. 
25.0 31.0 22.0 30.0 28 . 0 26 .0 
* Prepupa is not true prepupa, but is used to describe the resting 
stage prior to pupation. 
3. Rhizobius discolor Er. (Determined by Dr E.B. Britton, 1971). 
Other nomenclature as for Cryptolaerrrus . 
These beetl es were preying not only on young psyllids but very 
actively on Paropsis eggs also. 
4. Rhizobius ventralis Er. (Determined by Dr E.B. Bri t ton, 1971). 
Other classification as for Cryptolaemus. 
These beetles were preying mainly on psyllids and coccids but were 
also feeding on Paropsis eggs. 
5. Rhizobius sp. (unidentified). 
General appearance similar to R. ventralis. Other characteristics 
and activities also s ame as of R. ventralis. 
2.5.2 Predators of Paropsis Larvae 
Larval predators consist mainly of Col eoptera and a f ew spe ci es of 
Heteroptera. 
A. COLEOPTERA 
1. CryptolaermA.s mont rouzieri Muls. 
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Already ment ioned as an egg pr edator, t hes e coccine ll ids were observed 
preyi ng upon first and second instar l arvae of Paropsis or at ve r y 
initial stage of th i rd inst ar l arvae . They wer e a l s o f eeding on nymphs 
of psyllids and other Hemiptera attacking E. blake lyi. These beetles 
could not be established in the greenhouse. 
2. Leis conformis Boisd . 
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Already mentioned as an egg predator, this coccinellid also actively 
preyed on first and second instar larvae, and was also seen attacking 
quite well grown larvae of third instar. Psyllids , coccids and other 
scale insects infesting E. blakelyi were also at t a cked. As already 
nentioned this species flouri shed in the greenhouse. 
3. Rhizobius sp. 
4 . Rhizobius disco lor Er. 
5. Rhizobius ventralis Er. 
All the Rhizobius species described as egg predators fed 
preferentially on Homoptera, but in the greenhouse were observed feeding 
on very young larvae of Paropsis. Although common in the field, all 
these species failed to establish themselves in the greenhouse. 
B. HETEROPTERA 
l. Cermatulus nasalis (West.) Pentatomidae; Asopinae. (Determined 
by Mr G.B. Monteith, 1972). 
This bug approaches a third or fourth instar of Paropsis and 
palpates antennae around its body. If the bug is not disturbed, the 
forelegs are gently extended towards the host larva and hold it, while 
the stylet is inserted in the middle of the body of the Paropsis larva 
and the body juices sucked out. As Paropsis larvae are gregarious and 
sluggish they fall easy prey to the bugs. 
2. Oecha lia shellenbergii (Guer. -Men.) (Determined by Mr G.B. 
Monteith, 1972). Taxonomy as for Cerwzatulus . 
General body appearance darker than C. nasal·is which is bigger than 
Oechalia . Oechalia differs from Cermatulus in many features, 
particularly by having brown horny thoracic structures, one on each side. 
Mode of attacking the host is similar to that described for Cermatulus 
nasalis. It is a more effective predator than Cermatulus. 
These bugs were very commonly recorded throughout the study period 
in summer, but hibernat e as adults in the winter . They were observed 
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first in Sept ember, subject to weather, otherwise their activities 
coincide \•:l th seasona l acti ,·i ties of Paropsis . They a so prey upon other 
paropsine larvae as well as nymphs of Homoptera . It was often noted that 
these bugs were able to detect their host larvae in terylene bags in 
which surviving beetl es after treatment were confined to study their 
fecundity in the fie ld. 
3. Rayieria basifer (\ia lk.) (Determined by Dr R. Kitching, 1973). 
Farni ly: Miridae. 
These bugs wer e mistaken for Aridelus and collected on Paropsis 
larvae in the field, but they are reported to prey upon soft bodied 
larvae o:r: various insects. Probably this, rnirid preys on Po,ropsis larvae, 
nevertheless, I could not investigate its activities further . This bug 
is a good example of mimicry for Aridelus sp. 
Plate 1: Leis larva (Coccinellidae, Coleoptera) eating 
Paropsis eggs. 
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2.6 DISCUSSION 
2.6.1 
Besides the preference of host plant, Carne [1966a] emphasised that 
suitable foliage and tender shoots are important for the oviposition by 
the females of P. atoma:riia. My investigations on Paropsis oviposition 
further revealed that difference in twig size was more important in 
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many cases than the species of host plant [Section 2.2 .2]. Moreover 
Paropsis females made use of sun oriented aspects, as more eggs were 
recorded on north-west to south-west aspects [Section _2.2.3] than on the 
eastern aspect. Crown position is also important for Paropsis oviposition, 
an observation also made by Greaves [1966]. The twig size, foliage 
characters, site and egg viability [Table 2.4] are all significant for 
ecological study in that they may influence pest control measures. The 
need for knowledge of insect ecology including oviposition behaviour for the 
integration of control measures against the insect pests was also 
emphasised by Van den Bosch and Stern (1962]. 
2.6.2 
A maJor problem for any study such as this is to ensure adequate 
supplies of larvae . at the required time. Some authors [Styles 1970 and 
Wallace 1970] have used cold storage to hold eggs until required, but cold 
treatments of Paropsis eggs, while deferring their hatchability in my 
experiments, caused a marked loss of viability and weight [Tables 2.5 -
2.7]. The eggs of many other species are similarly affected by temperature 
treatments [Davidson 1944, Watters 1966, Webb and Smith 1970 and Syme 1972]. 
2.6.3 
Adults of P. atomaria undergo true diapause ICarne 1966a] in the 
winter, as the gonads of emerging beetles late in March do not mature, 
followed by extensive depos its of fat body [Chapman 1969]. Carne further 
I 
explained that resumpti011 of feeding and sexual maturation could not be 
induced in the laboratory and considered them as a cause of fa ilure of 
attempts to terminate diapause. In contras t, PaPopsi6 beet les \vhen kept 
under controlled conditions of temperature and day length not onl y resumed 
feeding but started mating and also l aid efficiently. Performance of 
each female for egg laying [Tables 2.10, 2.11] during the \vinters of 1971 
and 1972 is quite comparab le with the fi gures recorded by Carne for the 
summer period. Whereas Carne [1966a] cl aimed that day length pl ayed no 
., 
I 
I: 
' I 
part in termination of Pa~opsis diapause, thi s is at variance to my 
successful attempt . Successful termination of diapause ensured the 
continuous large scale breeding of .Par ops is making it an ideal insect 
.for toxicologi cal and ecologica l r esearch . 
2.6.4 
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W'nile pursuing these ecological studies, some idea of the efficiency 
of biological control against Paropsis was obtained . Biological contro l 
of economic insect pest s is gaining importance in view of insect 
resi stance and other direct, or, indirect deleteri ous effects of 
insect i cide application against non-target organisms. With this point 
in view, field sampling of var ious populations of P. atomaria revealed 
that from egg to adult stage, Paropsis is attacked by many parasites, 
predators and some diseases. Natural enemies must be a maJor controlling 
factor of Paropsis populations accord~ng to my observations . Peak 
pa.rasitisation occurred in February, March and April. Maximum l evels of 
parasitisation at egg and larval stage? was 20% and 40% respectively 
[Tables 2.12, 2;13]. An overall 52 % observed mortality due to parasites 
would occur before pupation. Considerable predation by vari ous 
cocciriellids and pentatomids was also recorded against Paropsis 
populations, e.g. 30 - 88 % egg predation observed in the greenhouse. 
These observations indicate that natural mortality could be quite high 
. 
in P. atomaria. If operating at maximum levels, the observed levels of 
control by natural enemies would be about 90% up to the time of pupation 
and excluding pupal and adult mortality . Interference by insecticides 
could be deleterious to these bioagents for long t erm control and this 
is dealt with in more detail in the General Dis cussion [Chapt er 6] . 
Similar remarks on the interference of insecticides have been made by 
earlier workers [Wilson 1960, and Hodek 1970]. No eva luati on work of 
this kind has been done about the parasites and predat or s of P. atomaria 
by earlier workers, although they have r ecorded some paras i tes and 
predators of paropsines including P. atomaria [Ma lloch 1932 , 1934 ; 
Cumpston 1939, Wilson 1963, Valentine 1967 and Styles 1970]. 
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CHAPTER 3 
USE OF INSECTICIDES 
3.1 CHARACTERISTICS OF CHEMICALS USED 
3.1.1 Fenitrothion 
Developments in chemical. warfare agents during World War II provided 
an impetus to the production of those compounds which also showed 
considerable promise as insecticides. Many thousands of organophosphate 
compounds have been developed and evaluated for insecticidal activity. 
For example, Moore [1967] estimated that 11000 - 33000 tons of 
insecticides based on organophos phoru_s were used annually in the U.S.A., 
while in Great Britain more than 200 tons of organophosphorus 
insecticides were used annually for agriculture [Moriarty 1969]. 
Narr-ower spectrum compounds with low vertebrate toxicity followed initial 
development of broad spectrum highly toxic compounds. Fenitrothion 
shows further improvement over malathion in certain properties. Its 
potential and use in Canada and the U.S.A. against forest insect pests 
led to its use in my project. The summary presented here on 
characteristics of fenitrothion is based on the technical bulletins 
made available by the Sumitomo Chemical Company, Japan, and Cyanamid 
International, U.S.A. 
Fenitrothion is the approved (B.S.I.; I.S.O.) common name for th is 
compound, O,O-dimethyl-0-(3-methyl-4-nitrophenyl) phosphorothioat e also 
known as O,O-dimethyl-0-4-nitro-m-tolyl phosphorothioate with an 
empirical formula CH O PNS. It is marketed under a range of trade 
9 12 5 
names such as Sumithion, Accothion, Agrothion, Novathion, Folithion , 
Cytel and Sonar. 
The technical grade (95 % a.i.) is a yellow-brown oily liquid , with a 
ch aracteristic odour and is soluble in most organic solvents , almost 
insolubl e in water . Under normal storage conditions th e active ingred ient 
retains biological activity for two years, but above 40 °C this is 
considerably reduced. Fenitrothion is compatible with most conventional 
ins ect icides and f ungic ides , but when mixed with alkalin e materials l ike 
Bordeaux mixture, lime -sulphur and coppe r sulphate , f enitrothion should 
be us ed as soon as poss ible; a tank mix arrangement is ·recommended ~o 
avoid hvdrolvsis . 
., . 
' I 
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Vertebrate toxicity as LOSO is variable from 433 - 5000 mg/kg 
according to animal and mode of application . Long-term studies for 
toxicity revealed that food intake and body weight gain were unaffected 
at lower dose levels of 25, 125 and .250 ppm per rat. At 500 ppm food 
intake was reduced and weigl1t gain occurred initially, but this reduction 
was reversed from the fifteenth day onwards; nothing was observed by 
histological examination attributable to fenitrothion feeding in higher 
mammals or rats except for depression of some enzyme activities. h~IO 
personnel, after large-scale spraying operations in Nigeria, observed no 
deleterious effects. Fish toxicity is relatively low, making it fairly 
safe for aquatic species and fenitrothion is less toxic than parathion 
and DDT and far less toxic than endrin and dieldrin. Phytotoxicity, 
however, has been recorded on some of the cruciferous species such as 
chinese cabbage and rape crops, particularly when young crops were 
sprayed by fenitrothion. Otherwise fenitrothion spray is safe for use 
on most crops. 
Fenitrothion application is recommended to control 84 various 
species of insect pests and mites embracing agricultural crops and 
commodities, silvicultural use as a replacement for DDT and malathion, 
public health and veterinary pest and disease vector control. 
Fenitrothion may be used as an ultra-low volume (ULV) spray with all the 
consequent economic advantages of this technique. Further information 
is provided in Technical Bulletins of manufacturers. 
3.1.2 Arninocarb 
Carbamates occur naturally in some legumes as carbamic acid and its 
derivatives were used as pharmaceuticals for many years . Metcalf and 
March [1950] demonstrated that certain carbamates~ like many other 
insecticidal compounds, are cholinesterase inhibitors and suggested their 
use as insecticides after further biochemical studies. Later , a 
considerable number of carb amat es were synthesised and evaluated as 
contact insecticides [Geigy 1952a & b, Gysin 1952, King 1954, Kolbezen 
et al . 1954], summarised by Cole and Clark [1962], Moriarty [1969] and 
Metcalf [1972] . Aminocarb was introduced in 1963 by Farbenfabriken 
Bayer A.G., Leverkusen, West Germany, under the trade name ' Matacil '. 
The chemically active ingredient is variously known as 4-dimethyl-
amino-m-tolyl-methyl carbamate; 4-dimethyl - amino-3-tolyl-N-methyl 
carbamate; 3-methyl-4-dimethyl-arnino-phenyl-N-monomethyl carbamatc; and 
I • 
' 
4-dimethyl-amino-3-methyl-phenyl-N-methyl carbamate . Aminocarb is the 
common name approved by the International Standards Organisation (ISO), 
British Standards Institute (BSI) and Australian Standards Institute 
(ASI). The empirical formula is c11 H16 02 N2 , molecular weight 208.25 with 
melting point of 93 - 94 °C. Vapour pressure is not measurable . The pure 
compound is an odourless and white crystalline substance, but the s amp l e 
.of technical grade supplied for this project was a light brown colour. 
It contains 99.2 % active ingr~dient. Crystals are slightly solub l e in 
water, moderately soluble in aromatic solvents, readily soluble in polar 
organic . solvents. Aminocarb remains stable in mildly alkaline media and 
is compatible with all commonly used fungicides, acaricides and 
insecticides, except lime sulphur, being a highly alkaline compound. 
Oral toxicity to vertebrates is fairly high. Acute LOSO for rats 
ranged from 30 - 50 mg/kg, while for birds it ranged from SO - 280 mg/kg. 
Aminocarb is highly toxic to fish in general but rainbow trout, goldfish 
and black bullheads were not affected by 24 hour exposure to 10 ppm 
whereas there was some mortality of blue gills. 
Contact toxicity for vertebrates is fairly low. The active 
ingredient (96. 8 - 99. 2%) of aminocarb does not cause any primary skin 
injury in rabbits or on human forearms after a 24 hour exposure. 
Inhalation toxicity is quite negligible, peing greater than 31 mg/litre 
for 1 hour exposure to rats. Aminocarb does not potentiate the toxic 
effects of any other cholinesterase inhibiting pesticides. 
Phytotoxicity is very low but its emulsion formulation has caus ed 
some phytotoxicity on brassicas in the U.S.A. No tainting of crops 
occurred. Residue analysis indicated that on pears residues dropped to 
less than 1 ppm in 14 days; simil ar ly, residues on apples were less than 
2 ppm 10 days after treatment . 
In Australi a and New Zealand , aminocarb ,vas sub j ect ed to extensive 
trials against the pests of fruit trees mainly from 1963 - 66 . It was 
tried also against ve ge table, cotton and forest pests in the U.S. A., and 
for the latter in Canada t oo. Observations of aminocarb were compared 
with other _common l y marketed insecticides like DDT , parathion, 
azinphosmethyl, carbaryl and endosul fan . Primary us e has been agains t 
lepidopterous pests with applicati on also agains t chrysomelids, 
curculionids, some scarabaeids , tenebrionids (Coleopt era) and aphids . 
3.2 INSECTICI DE APP LI CATION 
Insecticides were applied with a Burroughs Wellcome 'Agla' 
micrometer syringe fitted with a number 27 hypodermi c needle . Each 
graduation of the micrometer is equivalent to 0.0002 ml (0.2 µ l). 
I used this apparatus by mounting it on a burette stand from where it 
could be ad justed to the lowes t possible position for topical application 
to the second in s tar l arvae of P. atomaria . For more information· about 
the use of such mi crometers, the work of Trevan [1922, 19 25], Busvine 
[1957, 1962, 1971], Metcalf [1958], Brezner [1959], Hamilton and Dahm 
[1960], Faderl [1962], Arnold [1965, 1967], Stark [1967] and Phillips 
[1969], is referred. 
For insecticidal treatments, one syringe was maintained for each 
insecticide plus a separate syringe for control treatment to avoid any 
risk of cross-contamination. Inter-application contamination of seria l 
dilutions was also avoided by rinsing the syringe and needle with 
absolute alcohol 3 times before proceeding to the next strongest 
formulation, followed by two more rinses with the next dilution of 
insecticide to be applied. Application always commenced with the weakest 
dilution and ended with the strongest. 
3.3 PAROPSIS INSTARS USED FOR TREATMENT 
. To test larvae for different susceptibility during growth, second 
and fourth instar larvae in mid-instar were treated after preconditioning 
of larvae to the constant temperature room at 24 °C. 
3.4 PREPARATION FOR TREATMENT 
After conditioning the larvae in this way, 29 larvae of each instar 
for each series of treatment were weighed in a small plastic dish marked 
separately for ' before ' or 'after' treatment to avoid contamination of 
larvae and food leaves. Similarly, young fresh food leaves taken from 
E. blakelyi and consisting of 2 - 3 shoots were weighed and given to 
weighed larvae. Weight ~as taken as a criterion for calculating not 
only dosag~s based on an average weight of a group of 20 l arvae , but also 
f or judging the biological activities like food consumption, effect on 
wei ght or growth of l arvae and faeces production (defaecation) after 
treatment. The larvae and leaves so weighed were th en placed in 14 oz . 
Jars. Four replicates were prepared for each concent ration and the 
control, making a total of 28 jars containing 560 larvae for each trial. 
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A filter paper disc at th e bottom of each jar allowed easy collection of 
faeces after treatment as well as reducing the moisture content of the 
Jar. 
There was a great d~al of weight diversity, e . g. 0.0013g (1 . 3 mg) 
to 0.0042 g (4.2 mg) per larva in second instar and 0.0605 g (60.5 mg) 
60 
to 0.1671 g (167.1 mg) per larva in fourth instar of P. atomaria . Weight 
of second instar larvae used in experiments (N = 588) ranged from 2.12 
to 2.35 mg/larva·, while that of fourth instar larvae (N = 641) was 67.90 
to 71.87 mg per larva. To largely overcome this problem whilst keeping 
time involved to a minimum, a batch weight scheme was used to determine 
the amount of :insecticide to be applied. The mean weight of a group of 
20 larvae was taken and adjustment was made by exchanging individual 
larvae so that weight range fell within !5% of the mean value. 
i: 3.5 DOSE RATE 
I. 
I 
To apply a known dose in nanogram/g body weight for each larva 
within a limited range of movement of the micrometer syringe, the normal 
weight range for second and fourth instar larvae was determined. 
Concentrations of insecticides were made up such that a variable drop 
size within predetermined limits of 2 - 3 µ 1 per larva would apply the 
required dose to any larva within the weight range for the instar. To 
facilitate calculation graphs were prepareci for the second and fourth 
instar larvae with mean group weight of 20 larvae plotted against 
required drop size for each larva in the group, expressed as micrometer 
d{visions (each 0.0002 ml) (Fig. 3.1) Concentrations of chemicals were 
prepared such that for the mid-point of the \,veight range, 11 di vis ions of 
tl1e micrometer (0.0022 ml or 2.2 µl) would be needed. This droplet size 
was often as large as second instar larvae and led to considerable run 
off and uncertainty about actual dose. As a result analysis of this data 
is not presented and figures are given for results only where they confirm 
the trends noted for fourth instar larvae. Concentrations used for 
particular doses are shown in Table 3.1. 
r 
I 
I I 
Absolute 
Dose 
ng/g 
(a.i.) 
20 
63 
200 
630 
2000 
6300 
TABLE 3.1 
Dose, and dilutions of chemicals to give 
this dose, at a drop size of 2.2 µl/larva 
at mid-point of weight range of instar. 
Dose Dose per Second Instar per Fourth Instar larva larva ppm [ng (a.i.)] ppm [ng (a.i.)] 
0.02 0.044 0.625 1.37 " 
0.0625 0.137 2.00 4.40 
0.20 0.440 6.25 13.75 
0.625 1.375 20.00 44 . 00 
2.00 4.400 62.5 137.50 
6.25 13.75 200.0 440.00 
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Stock solutions were pr~pared by dissolving 0.01 g fenitrothion or 
aminocarb in 100 ml ethanol to give a concentration of 100 ppm and serial 
dilutions of this were made using distilled water. To each 100 ml 
diluted materials was added 1 ml of non-ionic wetting agent (Kodak 
'Photoflo'). Fresh dilutions were prepared frequently to avoid hydrolysis 
problems. 
3.6 ·SOLVENTS 
The toxicity of organic solvents such as butyl alcohol, n'propyl 
alcohol and toluene was evaluated against larvae of P. atomC1ria . The 
larvae were treated topically at the rate of 0.01, 0.02 and 0.03 ml 
per larva. Observations for solvent effects on the treated l arvae were 
although taken at 3, 6, 12, 24, 48, 72, 96 and 12Q hours after the 
treatment. In all cases control larvae were treated with 
distilled water. N'propyl alcohol killed the second inst ar l arvae of 
P. atomaria~ giving mortality of 49 .5, 68.2 and 100% resp ectively , whi l e 
,, fourth instar larvae died at the rate of 15.0, 39. 4 and 67 . 7% , respectively 
after 120 hours. Lower doses of n'propyl alcohol and ethano l such as 
0. 0004 , 0. 0_008 and O. 008 ml per larva , ere th en tri ed against both ins tars . 
None of these applications of ethanol proved toxic, but n'propyl alcohol 
even at lower rates produced mortality ranging from 10.0, 26 . 4 and 45 . 3% 
at 120 hours f or fourth instar and in the cas e of second instar larvae 
mortality ranged from 33 .0, 44.8 and 100% r espectively. Ethano l was 
14 
13 
U) 12 
i:: 
0 
•r-i 
U) 
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Group weight of 20 fourth instar larvae, g. 
Fig. 3.1: Dose line based on batch weight of 20 fourth instar l arvae 
and micrometer divisions of syringe. One- micrometer division= 
0.0002 ml. 
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selected as a solvent for both fenitrothion and iminocarb for my 
experiments. Very frequently acetone and ether are us ed as solvents in 
biological experiments, and both of them may have side effects on test 
insects (Kre asky and Mazuranich, 1971, Critchley and Almeida 1973]. 
3.7 APPLICATI01 AND ASSESS1ENT 
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Larvae were never anaes thetised , to avoid any after-effect of 
anaesthesia advantage was taken instead of the sluggish and gregarious 
nature of the larvae. Each larva was treated topically with a calculated 
volume of a given insecticide concentration, applied on the first dorsal 
segment of the thoracic region. Treated larvae were returned to the 
constant temperature room at 24 °C for observations on mortality and 
other biological changes taking place after tre~tment. Larvae in the 
control jars were treated with distilled water containing ethanol and 
wetting agent. Experiments were repeated at least 3 times or S times in 
certain cases each time with four replications for each concentration or 
treatment. 
3.8 ASSESSMENT PROCEDURE 
Observation of mortality was made after 4, 8, 24 and 72 hours for 
pilot experiments in 1970 - 71, but in later years this was modified to 4 , 
8, · 24, 48 and 96 hours after treatment. In this connection, Busvine 
(1957] pointed out that it was always troublesome and difficult to assess 
the exact time of death because of needed frequency of inspection. 
After counting, live larvae were weighed after 24, 48 and 96 hours 
for judging the sublethal effects on their growth . At each inspection 
period, earlier provided weighed food leaves were again weighed to assess 
the effect on food consumption, followed by the supply of weighed fresh 
shoots with young leaves. For determining the effects of low doses on 
defaecation, f ae ces were collected after every 96 hours and dried in an 
oven at 85 °C for 1 to 2 days according to instar. Dried faeces from 
each Jar were weighed separately for each treatment and for each instar . 
Concentration of solvent as·well as insectjcide applied to each 
instar of ~tudy insect greatly di ffered , varying from pure water to pure 
ethanol . This was not considered serious for the applied dose of 2 .2 µl , 
since earlier application up to. 8 µl ethanol caused no mortality [Section 
3.6]. 
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During 1970 - 71 dead larvae h'ere preserved i a standard 
preservative of 90 ml 70% ethanol, 5 ml glacial acetic acid and 5 ml 
formaldehyde for histologi cal studies to investigate insecticidal effect 
on the cell structure. Larvae preserved in this Pa) could be used 
fer histological study, but were not suitable for estimation of lipid 
content, as ethanol in the preservative has considered to be a lipid 
solvent. Consequently for lipid determination dead larvae were placed in 
gl ass phials l abe lled by treatment, and deep frozen for six months or 
more . Larvae preserved in t his way proved satisfact ory fo r both 
histological studies and lipid estimation. 
After 96 hours, t he surviving larvae from different treatments of 
r 
each insecticide were reared through to adult stage. The surviving 
Paropsis adults were then confined in terylene bags 45 cm x 30 cm placed 
over twigs of young E. blakelyi trees in the experimental area in the 
field , to study the effect of low doses on the longevity , fecundity and 
viability of eggs laid by surviving Paropsis (Section 4.7). 
Data on mortality, LDSOs and relative potency are discussed in the 
following Section 3.9. Biological effects of ins ecticide app lication are 
presented in detail in Chapter 4 . Simil arly histol ogical observations 
and lipid estimation are separately incorporated in Chapter 5. 
3.9 MORTALITY, PROBIT ANALYSIS, LD50 AND RELATIVE POTENCY 
3.9 . 1 Mortality after Topical Application of Insecticide 
Mortality percentages of treated insects from the experiments, after 
adjusting to natural mortalities [Abbott, 1925], were used for probit 
analysis [Finney 1964, 1971] and other statistical analyses. Results for 
fenitrothion for 1970 - 71 and 19 71 - 72 differed, and data could not be 
pooled: both sets of data are therefore presented separately. For 
fenitrothion obs erved mortality data are contained in Tables 3.2, 3.3, 
3.6 and 3. 7. Aminocarb was tested only in 1971 - 72, and ob served mortal ity 
percentages are given in Tables 3.10 and 3.11. Equations, slopes, median 
lethal doses (LD50) and their 95 % fiducial limi ts (natural scale) were 
calculated . A homogenei ty tes t was carried out. Yl11enever the x2 was less 
than 1 . 5, the variance used to obtain the fiducial limits was the 
expected value 1 . 0. \fuen th e x2 was greater than 1.5, the vari ance used 
was thi s expected value mu ltipli ed by the heterogeneity factor which is 
I I· 
given by the ratio of X2 and th e degrees of freedom (D.F.), i.e. 
~2 = x2/D.F. was used as variance [Finney 1964]. Results are presented 
in Tab 1 es 3. 4 - 5, 3. 8 - 9 and 3. 12. 
3.9.2 1ortali ty After Feni trothion App lication 1970 - 71 
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Some preliminary experiments were run firstly in summer 1970 - 71 to 
investigate practical difficulties which could arise and to gain insight 
into the most suitable range of concentrations. Fenitrothion only .was 
used on second and fourth instar larvae of P. atomaria . As a result of 
these tests, twenty larvae were used for each replication and treatment. 
Seven insecticide concentrations including control were prepared according 
to instar from a given stock solution (Section 3.5) and were applied at 
a rate giving a dose range from 20 - 6300 ng active ingredient per gram 
larval body weight . 
The data in Tables 3.2 - 3, 3.6 - 7 and 3.10 - 11 indicate increase 
in mortality with increase iri time and doses of the insecticides. This 
is also reflected in slopes [Tables 3. 4 - S, 3. 8 - 9, 3. 12]. 
Data was often unsuitable for probit analysis . This could also be 
due to application of extremely low doses, say 20 - 200 ng/ g, resulting 
in very low and variable mortalities. Examination made after 4 - 8 hours 
tends to fall in this category regardless of instar. Beyond 24 hours 
at concentrations above 630 ng/g more accurate estimates of LD50s are 
obtained. Unsatisfactory data is omitted from the tables. 
Slopes, X2 and degrees of freedom for homogeneity test, LDSOs and 
95% fiducial limits obtained from the probit analysis are shown in 
Tables 3 .4 - 3. 5 for each trial for second and fourth instars respective l y 
at 24 hours or above time intervals . 
In general the slopes ('b' values) of probit lines arising from the 
application of fenitrothion to second as well as fourth instar larvae 
tend to become steeper as the time interval advances. This could be 
assessed also by the fall in the LD50s as the time interval increases 
(Trials I and V for second instar in Table 3.4 and Trials IV and Vin 
Table 3.5 for fourth instar) . 
Trial I 
Trial II 
Trial III 
Trial IV 
Trial V 
I 
TABLE 3.2 
Mortality percentages after fenitrothion 
application to second instar Paropsis 
larvae 19 70 - 71 . 
Values corrected by using Abbott's method. 
0 Hour 4 Hours 8 Hours 24 Hours 
Dosages Initial Mean Mean Mean 
ng/g (a.i) Larvae Kill% Kill% Kill% 
20 20 27.6 29.2 58.8 
63 20 42.1 51.4 56.2 
200 20 44.7 59.7 75.0 
630 20 65.7 73.6 100.0 
20 15 5.0 7.5 15.4 
63 15 18.2 16.0 26.9 
200 15 25.0 23.2 34.7 
630 15 26.7 26.7 38.5 
2000 15 41.7 44.7 92.3 
6300 15 56.7 60.7 100.0 
20 30 9.2 8.1 75.0 
63 30 11.5 12.5 76.9 
200 30 15.2 17.9 87.5 
630 30 56 :9 71.4 97.9 
2000 30 56.9 58.0 91.6 
6300 30 62.1 75.9 100.0 
20 20 10.0 18.4 59.7 
63 20 13.7 26.4 62.5 
200 20 21.2 34.2 83 . 4 
630 20 30.0 38.2 84.7 
2000 20 35.0 44 .7 87.5 
6300 20 42.5 50.0 94.4 
20 20 12.2 15.8 34 .7 
63 20 23.7 22.4 57.0 
200 20 25.0 28.9 61.1 
630 20 31.2 35.5 59.4 
2000 20 42.5 44 .7 70.8 
· 6300 20 46.2 47.3 87 .5 
66 
72 Hours 
Mean 
Kill% 
76.4 
94.1 
94.1 
100.0 
18.2 
50.0 
56.8 
54.5 
100.0 
100.0 
100.0 
100.0 
96.7 
96.7 
100.0 
100.0 
100 .0 
100.0 
100.0 
100 .0 
100.0 
100.0 
54.7 
79.7 
93 . 8 
90.6 
93.8 
96.9 
Trial I 
Trial -II 
Trial III 
Trial IV 
Trial V 
I 
TABLE 3 .3 
Mortality percentages after fenitrothion 
application to fourth instar Paropsis 
larvae 1970 - 71. 
Values correct ed by using Abbott's method. 
0 Hour 4 Hours 
Dosage s 
ng/g (a.i) Initial 
Larvae 
63 15 
630 15 
2000 15 
63 15 
630 15 
2000 15 
6300 15 
63 20 
630 20 
2000 20 
6300 20 
20 20 
63 20 
200 20 
630 20 
2000 20 
6300 20 
20 20 
63 20 
200 20 
630 20 
2000 20 
6300 20 
Mean 
Kill% 
3.3 
10.2 
33.4 
3.3 
6.7 
8.3 
12.6 
2.5 
5.0 
22.5 
31.2 
3.7 
11.2 
13.7 
15.0 
22.5 
37.5 
2 .5 
11.2 
16.2 
18 . 7 
23.7 
28 . 7 
8 Hours 
Mean 
Kill % 
8.3 
45.0 
70.0 
20.0 
21.7 
23.3 
25.0 
2.5 
10.0 
32.5 
38.7 
6.6 
15.8 
21.0 
34.2 
72.4 
75.0 
15.0 -
21.2 
23 . 7 
28.7 
33.7 
46 .0 
24 Hours 
Mean 
Kill% 
13.3 
75.0 
100.0 
19.6 
25.0 
26.8 
33.9 
3.0 
19.4 
79.2 
100.0 
14.6 
25.0 
29.1 
50.0 
94.4 
97 . 2 
28.9 
44.7 
39.5 
53 . 9 
91 . 8 
100.0 
67 
72 Hours 
Mean 
Kill % 
19.6 
75.0 
100.0 
23.2 
29.2 
31.2 
35.4 
5.9 
23.5 
83.8 
100.0 
44.1 
58.8 
61.7 
66.2 
94.1 
97.0 
47 .1 
58.8 
78 . 0 · 
70.6 
95 .6 
100.0 
' . 
I. 
It is clear that field evaluation of insecticides, esp ecia lly low 
doses could be misleading if evaluation is done too soon after 
application: as LOSO values continue to fall to a low fi gure at 72 
hours the insecticides become relatively more effective with time 
(Table 3.5). Estimates of lethal doses vary considerably from trial 
to trial, in part representing batch variation in larvae, and possibly 
run-off of part of applied drops before the insecticide had b een 
absorbed by the larvae. The 95 % fiducial limits (Tables 3.4, 3.5) are 
broad and reflect the limited replication used for these experiments. 
Improvement in experimental technique is necessary and increased 
replication desirable. 
Similar results apply to fourth instar larvae (Table 3.5). Non-
parallelism of probit line slopes between trials suggests variability 
between batches of larvae but could also be due to deficiency in 
experimental technique already mentioned. 
Trial 
I 
II 
III 
IV 
V 
TABLE 3. 4 
Contact toxicity of fenitrothion against second 
instar larvae of Paropsis 1970 - 71. 
Time Slope x2 D.F. LDSO Fiducial (Hours) 95% 
ng/g Lower 
* 24 0.96 25.S 14 17.4 3.0 
k 
72 1.11 24.S 14 4.0 0.0 
** 72 1. 11 42.2 22 123.6 63.2 
** 24 0.60 59.9 22 2.2 0.0 
*** -24 0.53 60.1 21 8.0 0.0 
* 24 0.51 34.3 22 64.2 16.8 
*** 72 0.69 51.3 22 6.6 3.4 
* p < 0. 05 
** p < 0.01 
*** p < 0.001 
Limits 
Upper 
35.8 
12.6 
214.6 
11.2 
35.0 
142 .6 
23.2 
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Trial 
I 
II 
III 
IV 
V 
TABLE 3.5 
Contact toxicity of fenitrothion against fourth 
instar larvae of Paropsis 1970 - 71. 
Time Slope x2 D.F. LOSO Fiducial Limits (Hours ) 95 % 
ng/g Lower Upp er 
* 24 2.07 20.5 10 242 .6 141.0 384 . 4 
72 2.24 16.. 3 10 268.2 163.4 409.2 
** 72 0.93 35.9 18 1700.4 886.0 4147 .6 
** 24 2.87 39.9 18 374.8 283.6 494.4 
** 72 2.87 37.7 18 374.8 283.6 494.4 
*** 24 1.16 66.0 22 290.6 169.6 490 . 4 
* 72 0.72 37.9 22 45.6 15.4 90.2 
** 24 0.90 49.0 22 152.4 82.0 256.4 
72 0.79 26.7 22 31.8 15.6 53.2 
* Legends as in Table 3.4 
69 
However, slopes are consistently lower for fourth instar l ar vae than 
for second instar larvae, implying that fourth instar l arvae are less 
severely affected by fenitrothion t han are second instar larvae. This is 
consistent with observations in other experiments on food int ake , growth, 
and defaecation (Chapter 4) , and with the hi gher calculated LDSOs for 
fourth instar (Tables 3 .5 and 3.9) . Moreover probits, slopes and LD50s 
could not be calculated at 4 hours or above since by then the insecticide 
had not had sufficient effect on th e larvae. Data for these time intervals 
are therefore excluded . 
3.9 . 3 ~lortality after Fenitrothion Application 1971-72 
Some modifications were nec~ssary for the experimentation schedule 
of 1971 - 7 3 after gaining experience during the scre ening process of 
fenitrothion in 1970 - 71 . These were mainly pertaining to time) dosage 
scheme, nwnber of larva e; moreover , observations were extend ed to food 
consumption , l arval growth, defaecation rate and possible determination 
of relative potency for each instar and insecticide . Methods for data 
I 
I· 
r 
collection and computation followed those used in 1970 - 71. Results on 
mortal i ty percent ages , slopes, LDSOs and fiducial limit s are presented 
i n Tables 3.6- 3.9. 
Trial 
I 
II 
III 
TABLE 3 .6 
Mortality percentages after fen itrothion appli cation 
to second instar Paropsis l arvae 1971 - 72. 
Values corrected by using Abb ott 's method . 
0 Hour 4 Hours 8 Hours 24 Hours 48 Hours 
Dos ages 
ng/ g Initial Mean Mean Mean Mean 
(a.i) Larvae Kill % Kill % Kill% Kill% 
20 20 3.7 3.7 11.2 23.7 
63 20 2.5 3.7 19.0 26.2 
200 20 2.5 3.7 25.0 32.5 
630 20 3.7 7.5 29.0 33.7 
2000 20 1.2 5.0 43.7 46.2 
6300 20 3.7 6.2 52.5 81.2 
20 20 7.5 16.2 27.8 43.0 
63 20 18.7 30.0 39.2 51.9 
200 20 30.0 37.5 45.6 60.8 
630 20 33 .7 43 .7 54.4 63.3 
2000 20 37.5 53.7 62.0 72.1 
6300 20 52.5 66.2 84.8 89.9 
20 20 10.0 16.2 27.8 34.2 
63 20 11.2 27.5 35.4 44 .3 
200 20 15.0 36.2 41.8 49.7 
630 20 26.2 37.S 49.4 68 . 4 
2000 20 28.7 41.2 55.7 68.4 
6300 20 35.0 50.0 62 .0 81.0 
96 Hours 
Mean 
Kill% 
41.2 
45.0 
49.0 
51.3 
64.0 
86.0 
55.4 
41. 0 
67.9 
70 .6 
78 .3 
93.6 
38.8 
51.1 
64.4 
78 . 9 
87.1 
94.7 
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After fenitrothion application to second instar larvae, increasing 
slopes were obtained with advancement of time except in a few cases. 
Experiments of 1971 - 72 also repeated the situation seen in 1970 - 71 when 
parallelism could not be retained, as in certain cases eitl1er 'b' value 
was lower at 96 hours than the value recorded at 48 hours (Trial I), or 
common slopes were achieved for 48 and 96 hours (Trial II). In trial I, 
LD50s and fiducial limits were very l arge or infinite at 4 and 8 hours, 
suggesting that fenitrothion is slower acting . These short time intervals 
coupled with the very low dosage led to low and variable mortality and 
extrapolation of LD50s was necessary. Therefore data for such time 
r 
I. 
·-
71 
intervals were omitted . Fall in LDSOs was again observed with passage of 
time, supporting the earlier obs ervations that relative toxicity 
increased with time after application . LOSO at 96 hours had a range of 
18 - 154 ng/g for second instar larvae [Table 3 . 8]. 
Results from fourth inst ar larvae after treatment with fenitrothion 
tended to give lower slopes than those obtained for second instar l arv ae 
and at the same time higher LD50s, confirming the 1970 - 71 results that 
fourth instar larvae could be more tolerant to fenitrothion than second 
instar larvae. Reduced susceptibility of fourth instar larvae to very 
low doses may be due to the proportionately greater amount of a low 
dose being broken down by body enzymes. (See discussion Section 3.10.2). 
LD50s at 96 hours for fourth instar larvae had a range of 275 - 1797 ng/ g 
(Table 3.9). Although time intervals are different for the two years, 
comparison of Tables 3.4 and 3.5 (1970 - 71) and 3.8 and 3.9 (1971 - 72) 
shows that LOSO values for 1970 - 71 were generally much lower for both 
instars than 1971 - 72. The reason for this is not clear but may reflect 
changes in experimental technique or larval tolerance between years. 
Trial 
I 
II 
III 
TABLE 3.7 
Mortality percentages after fenitrothion application 
to fourth ins tar Paropsis larvae 1971 - 72. 
Values corrected by using Abbott's method. 
0 Hour 4 Hours 8 Hours 24 Hours 48 Hours 
Dosages 
ng/g Initial Mean Mean Mean Mean 
(a.i) Larvae Kill % Kill% Kill% Kill% 
20 20 2.5 5.0 5.0 12.5 
63 20 7.5 7.5 6.2 17.5 
200 20 8.7 8.0 15.0 25.0 
630 20 10.0 12.5 22.2 27.5 
2000 20 15.0 27.S 35.0 .45 .0 
6300 20 25 .0 42 .5 62.5 65.0 
20 20 0.0 0.0 5.0 7.5 
63 20 0.0 0.0 5.0 13.7 
200 20 0.0 0.0 6.0 15.0 
630 20 7.5 12.5 12.5 17.5 
2000 20 10.0 10.0 13 . 7 22 .5 
6300 20 46 .2 62.5 88.7 92 .5 
20 20 1.2 1.2 6.2 8.7 
63 20 0.0 3.7 16.2 26.2 
200 20 0.0 7 .5 18. 7 27.5 
630 20 5.0 11.2 32.5 38 . 7 
2000 20 16.2 22 .5 40 . 0 55.0 
6300 20 25 . 0 32 .5 57.5 70.0 
96 Hours 
Mean 
Kill % 
12.S 
22 . S 
57 .5 
66.2 
75.0 
85.0 
7.0 
14.0 
19.0 
21.5 
27 . 7 
95 . 0 
18.1 
36 . 4 
41.6 
44 . 3 
57 . 1 
85.7 
3. 9 . 4 1ortality after Aminocarb Application 
Probits and LD50s could not be computed for time intervals such as 
4 - 48 hours due to very low morta lity at these periods when mortality 
was less than 50% f or mos t of dosages and times except at 96 hours for 
6300 ng/ g . Mortality data are given in Tables 3.10 - 3.11. Slopes , X2 , 
D.F. and LD50, etc . are only presented f or 96 hours for both instars in 
Table 3 .1 2 . 1gam [1970a] has shown similar relation of slopes for 
various insecticid s to my observation t hat often lb' va lues for 
aminocarb also decrease with increase in time, whereas those for 
fenitrothion do not and even tend to incr ease wi th time. LD50s here also 
maintained decreasing trend with increase of time, but LD50 values are 
much higher than for similar treatments and time intervals for aminocarb 
indicating the much lower toxicity of aminocarb . Aminocarb variability 
is great er than f or fenitrothion, as can be seen from the wide range of 
the 95% fiducial limits (Table 3.12) . At 96 hours LDSO for second instar 
larvae had a range of 569. 8 - 3167. 0 ng/g for aminocarb in contrast to 
18 - 154 ng/ g for fenitrothion, wh il e LD50 for fourth instar larvae had a 
range of 3330.6 - 7024.6 ng/g for aminocarb and 275 - 1797 ng/g for 
fenitrothion. Aminocarb therefore appears overall a less t oxic compound. 
Trial 
I 
II 
III 
TABLE 3.8 
Contact toxicity of fenitrothion against second 
instar larvae of Pa_ropsis 1971 - 72. 
Time Slope x2 D.F. LD50 Fiducial Limits (Hours) 95% 
ng/g Lower Upper 
48 0 . 55 32 . 2 22 946.6 574 .0 1760. 2 
* 96 0.42 37.9 22 154 .2 43.0 372 . 0 
48 0. 48 25 . 2 22 58.4 22.8 110.0 
96 0.46 31 . 2 22 18.3 4.4 42.0 
48 0.49 13.9 22 119.8 58.2 209 .0 
96 0 . 75 13.0 22 54.8 30.8 85.0 
* P < 0.05 
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Trial 
I . 
II 
III 
TABLE 3.9 
Contact toxicity of fenitrothion against fourth 
instar l arvae of Paropsis 1971 - 72. 
Time 
(Hours) Slope 
48 
96 
48 
96 
48 
96 
* 
*** 
0.59 
0.89 
0.88 
0.94 
0.65 
0.62 
P < 0.05 
P < 0.001 
x2 D.F. 
32.3 22 
15.8 22 
*** 85.9 22 
78.7 
14.8 
34.6 
*** 
* 
22 
22 
22 
LD50 
ng/g 
2699.2 
275.8 
2277.4 
1797.0 
1415.4 
496.2 
Fiducia l 
95% 
Lower 
1558.6 
198 
1084.6 
930.0 
898.0 
273.8 
Limits 
Upper 
5853.4 
379.8 
7780.0 
4775.6 
2520.4 
951.0 
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Trial 
I 
II 
III 
. IV 
V 
TABLE 3.10 
Mortality percentages after aminocarb application 
to second instar Paropsis larvae 1971 - 72. 
Values corrected by using Abbott ' s method . 
0 Hour 4 Hours 8 Hours 24 Hours 48 Hours 
Dosages 
ng/g Initial Mean Mean Mean Mean 
(a.i) · Larvae Kill % Kill% Kill % Kill% 
20 20 0.0 0.0 1.2 12.S 
63 20 0.0 2.5 3.7 17.S 
200 20 3.7 7.5 · 8. 7 18.7 
630 20 0.0 7.5 10.0 20.0 
2000 20 0.0 11.2 16.2 28.7 
6300 20 13.7 22.S 32.5 52.5 
20 20 0.0 0.0 6.2 16.2 
63 20 1.2 3 .. 7 12.5 31.2 
200 20 0.0 3.7 16.2 37.5 
630 20 0.0 7.5 22.5 40.0 
2000 20 0.0 12.5 25.0 43.7 
6300 20 0.0 20.0 30.0 50.2 
20 20 0.0 10.0 18.0 20.2 
63 20 2.5 10.0 21.2 26.6 
200 20 2.5 8.7 20.0 29.1 
630 20 0.0 12.5 33.7 32.9 
2000 20 0.0 17.5 30.0 36.7 
6300 20 0.0 22.5 35.0 54.4 
20 20 2.5 6.2 10.0 20.0 
63 20 3.7 7.5 15.0 25.0 
200 20 2.5 7.5 17.5 27.5 
630 20 6.2 12.5 23.7 35 .0 
2000 20 7.5 13.7 26 . 2 37 .5 
6300 20 12.5 21 .6 35 .0 43.7 
20 20 0.0 0.0 0.0 2.6 
63 20 0.0 0.0 0.0 2 . 6 
200 20 1.2 3 .7 7.5 7.7 
630 20 2.5 7.5 13.7 21. 8 
2000 20 2.5 11.2 16.2 25.6 
6300 20 6.2 13.7 22.5 32.0 
3 . 9 . 5 Relative Potency of Insecticides 
96 Hours 
Mean 
Kill % 
18.2 
23.4 
28.6 
33.8 
44 . 2 
58.4 
32.0 
38.5 
46.2 
52.6 
56.4 
60.3 
31.3 
35.1 
40 .0 
48.3 
51.1 
69.3 
19.5 
28.6 
33.8 
41 . 6 
46.7 
51. 9 
6.4 
9 . 0 
16.7 
24.4 
34 . 6 
37 . 2 
I Experiments during 1972 - 73 were intended to determine the re lative 
potency of each insecticide for each instar, but the results were 
inadequate for thi s purpose. Inspection of mortality data indicates that 
fenitrothion is much more effective than amino carb for killing both 
second and fourth instar larvae . 
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Trial 
I 
II 
III 
IV 
V 
TABLE 3.11 
Mortality percentages after aminocarb application 
to fourth instar Paropsis larvae 1971 - 72. 
Values corrected by using Abbott's method. 
0 Hour 4 Hours 8 Hours 24 Hours 48 Hours 
Dos ages 
ng/g Initial Mean Mean Mean Mean 
(a. i) Larvae Kill% Kill% Kill% Kill % 
20 20 0.0 0.0 2.5 13.7 
63 20 0.0 2.5 6.2 16.2 
200 20 0.0 2.5 8.7 16.2 
630 20 2.5 6.2 15.0 20.0 
2000 20 10.0 12.5 18.7 28.7 
6300 20 10.0 16.2 36.2 46.2 
20 20 0.0 0.0 0.0 1.2 
63 20 0.0 0.0 1.2 5.0 
200 20 0.0 0.0 3.7 3.7 
630 20 o.-o 7.5 10.0 16.2 
2000 20 0.0 0.0 13.7 16.2 
6300 20 0.0 7.5 21.2 25.0 
20 20 0.0 0.0 3.7 5.2 
63 20 0.0 1.2 6.2 10.4 
200 20 1.2 1.2 8.7 13.0 
630 20 2.5 1.2 10.0 19.5 
2000 20 2.5 7.5 23.7 11.7 
6300 20 6.2 17.5 42.5 48.0 
20 20 0.0 0.0 0.0 2.5 
63 20 0.0 0.0 1.2 5.0 
200 20 0.0 0.0 3.7 7.5 
630 20 0.0 0.0 0.0 11.2 
2000 20 0.0 17.5 20.0 22.5 
6300 20 3.7 17.5 33.7 40.0 
20 20 0.0 0.0 0. 0 - 0.0 
63 20 0.0 0.0 1.2 2.5 
200 20 0.0 1.2 3.7 5.0 
630 20 0.0 2.5 8.7 13.7 
2000 20 0.0 6.7 13.7 22.5 
6300 20 3.7 10.0 21.2 26.2 
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96 Hours 
Mean 
Kiil % 
20.5 
24.4 
25.7 
28.2 
35.9 
59.0 
7.7 
12.8 
12.8 
16.7 
19.2 
38.5 
7.9 
19.7 
23.7 
26.3 
47.4 
57.9 
4.3 
7.5 
11.4 
15.2 
25.3 
44.3 
0.0 
4.0 
7.4 
17.7 
26.6 
41. 8 
TABLE 3.12 
Contact toxicity of aminocarb against second 
and fourth instar larvae 1971 - 72 [selected data]. 
Time LOSO Fiducial Limits 
Trial (Hours) Instar Slope x2 D.F . ng/g 95% 
Lower Upper 
I 96 II 0.42 31. 9 22 3167.0 1476.2 11220.6 
IV 0.37 32.9 22 7024.6 2600.4 48080.0 
II 96 II 0. 29 11.8 22 569.8 229.0 1800.8 
III 96 II 0.36 13.4 22 701.0 340.0 1774.2 
IV 0.59 15.6 22 3330.6 1869.8 7659.6 
In this case all data are homogeneous, as X2 values are non-
significant at all levels. 
3.10 DISCUSSION 
3.10.1 
Ethanol was the only non-toxic solvent among the three solvents 
tested against the Paropsis larvae. Patton [1963], Kreasky and 
Mazuranich [1971] and Critchley and Almeida [1973] have similarly 
emphasised the deleterious side effects of acetone and other solvents 
against different insect species. 
3.10.2 
The degree of effectiveness of the two insecticides differed. 
Differences in susceptibility to the same doses of the same insecticide 
are noticeable with di fferent batches of ins ects collect ed and treated 
in different seasons, e . g ., 19 70 - 71, 1971 - 72 and 19 72 - 73, especially 
the morta lity figures for second instar (Tab les 3.2 and 3.6] . Mortality 
increased with increase in dose rate and time for both instars [Tables 
3 . 2 - 3 , 3 . 6 - 7 , 3 . 1 0 - 11 J . The f ou rt h inst ar 1 a rv a e aft er fen i t rot hi on 
. 
treatment ,vith 20 ng/g at 96 hours suffered mortality of 7 - 18%, while 
at a dose rate of 6300 ng/g for the same period mortality was 85 - 95 %. 
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For aminocarb for the same instar treatments and time int erval, percent 
kil 1 ranged from O - 20 . 5 and 38 . 5 - 59%. The fourth in star Pa11opsis larvae 
appeared to be more susceptible to fenitrothion than aminocarb . 
Doses of 20 - 630 ng/g produced very low mortalities. Mortality 
ranges close to zero made the data unsuitable for probit analysis and 
relative toxicity and relative potency estimation, consequently data 
had to be discarded in these cases. · In certain cases, non-parallelism 
in the slopes of regression lines was present which would give poor 
estimates of relative potency and again these data were discarded 
[Sections 3.9.1 - 3.9.5]. The criterion of parallelism for probit lines 
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1n potency estimation as established by Finney . [1964, 1971] has been ignored 
by some scientists such as Dittrich [1962], Mulla and Adams [1964], Nigam 
JI [1970a], Lyon et al. [1972] and Page and Lyon [1973], and might have 
affected the validity of some of their conclusions. By contrast, parallel 
11
1 
lines of best fit were obtained by Randall and Jackson [ 1963]. 
I': I, 
3.10.3 
The LD50s obtained from the mortality and toxicity data presented 
a great deal of difference, in part due to batch variability and have 
been omitted 1n general (Table 3 . 9 - 3 . 12) . Mortality figures suggest that 
fenitrothion 1s several times more toxic than aminocarb to both second and 
fourth instar larvae . However, these results based on mortality should be 
assessed in conjunction with data on feeding, growth and defaecation, which 
is discussed in more detail in the next section. In my data generally, 
slopes increased with time in the case of fenitrothion, an indication of 
persistent toxicity at higher doses. In contrast, Merkel [1962] and Lloyd 
[1969] obtained decreased slopes with advancement of time for different 
insecticides like that of my data for aminocarb [Table 3.12], suggesting 
loss of effectiveness, that recovery took place, a characteristic feature 
of carbamates [Mulla and Adams 1964, Moriarty 1969, 1971, Sun 1972 and 
Metcalf 1972]. 
3.10.4 
The variable estimates of relative toxicity and relative potency 
for both insecticides and instars of Paropsis may be due to differently 
acting insecticides [Beard 1949], age and batch difference of larvae, 
extremely low- dosages, time of application [Beard 1949], difficulty 1n 
the assessment of larval death [Busvine 1957, 19 71 and Finney 1964 , 1971], 
technique and more especially to volume of insecticide applied. The 
second instar larvae; for example , received a large volume in relation 
to their size. This volume contained the correct dose calculated for 
body weight of these larvae, but variable amounts would run off for 
different larval sizes and the take up of insecticide would be affected. 
However some response differences between insecticides both within and 
between instars may be due to enzyme degradation . The role of enzyme 
breakdown as a p-rotective mechanism in mammals as well as in different 
insect species has been emphasised by O' Brien (1960], Kojima [1961] and 
Matsumara and Brown [1961, 1963]. 
3.10.5 
Superiority of one insecticide over another tends to vary with 
insect species but my findings of relative effectiveness of fenitrothion 
and aminocarb are generally in accord with the work of Mulla and Adams 
[1964], Horler [1966], Lemon [1967], Nigam [1968] Strong [1970], Metcalf 
[1972] and Jamnback [19 73 ]. Fenitrothion appears to be overall a more 
effective insecticide than many carbamates, particularly aminocarb. In 
contrast other workers reported that carbamates including aminocarb are 
more toxic than many other insecticides including fenitrothion [Randall 
and Nigam 1966, Nigam 1970a & b, Kamel and Mitri 1970, lyon 1971 and 
Robertson et al . 1972]. The carbamates are at a disadvantage as their 
cost of production is about 8 times higher than many of the conventional 
insecticides [Metcalf, 1972]. 
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CHAPTER 4 
THE BIOLOGICAL EFFECTS OF 
INSECTICIDE APPLI CATIONS 
4.1 STATISTICAL TREATME T OF DATA 
Most data were screened using basic statistics (mean, standard 
error, 95% confidence limits) · and tested for homoscedastici ty using the 
Bartlett 'S' test for homogeneity of variances and an F-max text. Data 
from most experiments other than mortality figures were tested for 
significant differences between means by using the Student-Newman-Keul 
(SNK) mu ltiple range test described by Sokal and Rohlf [1969]. More 
replications were desirable to reach definite conclusions but larval 
supply logistics and time prevented increased levels of replication for 
experiments. 
4.2 EGG TREATMENTS FOR OVICIDAL ACTION 
Both fenitrothion and aminocarb were tested for ovicidal action and 
effects on egg parasites of P. atomaria. 
_Egg collars were collected in the field from April and December 
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1971 onwards and fr·om January to Apri l, 1972 during the summer of 1971 - 72. 
The eggs were counted and placed into the marked petri di shes lined \t'1i th 
filter paper for each concentration, and each treatment was replicated 5 
times. After counting , egg collars were given a quick dip (15 seconds) 
in a specified concentration of fenitrothion and aminocarb. Concentrations 
ranged from 0.6 25 ppm up to 200 ppm. 
Controls were dipped in distilled water cont aining wetting agent and 
ethanol to the level present in the insecticide formulations. After 
dipping the treated eggs were i nunediate ly placed on separate blotting 
paper discs until the li1uid absorbed on the paper completely dried . 
This procedure removed excess liquid and ensured a reasonably even 
coating to the eggs ; it also ensured that no contact toxicity from 
surroundings could affect newly hatched larvae . When dry, treated egg 
collars were placed on filter paper discs in 10 cm petri dishes and 
placed in a controlled temperature room at 24 °C in continuous li gh t but 
I, 
without the control of humidity. Observations on emergence were made 
every 24 hours over two weeks, and surviving larvae were reared through 
to adults to observe any after-effects of insecticides on biology. Newly 
emerged l arvae were provided with f r .esh young l eaves every 24 hours, when 
the dishes and filter paper discs were replaced with clean ones. A total 
of 19294 eggs of P. atomaria were used in these tests and emergence for 
the two insecticides lS shown in Tables 4 . 1 and 4.2. 
4 . 2 . 1 Results of Egg Treatments: Fenitrothion 
The behaviour of the Paropsis larvae in nature just after emergence 
provides a useful criterion to judge the differential susceptibility of 
the eggs to insecticides. Paropsis larvae immediately after emergence 
from the eggs gregariously surround the egg-shells which are eaten over a 
period of about two days. They then crawl over the most tender leaves of 
the host plant and commence feeding on ·them gregariously. 
In general , hatchability decreased as insecticide concentration 
increased, and fenitrothion was about30 times more effective than amino-
carb . In case of fenitrothion, emerged larvae fed normally at first, 
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but then often died after 3 to 10 days at the most due to unknown delayed 
toxic effects after treatments of 0.625, 2 . 0 and 6.25 ppm. They stopped 
feeding, became sluggish, faced incoordination of appendages and 
ultimately died. At 20 ppm or onwards almost no hatchability was recorded. 
None of the surviving larvae completed the life cycle, all dying within 
10 hours. Some general and common effects were noticed at lower 
concentrations as well as at higher concentrations. For example, larvae 
emerged and died while still on the eggs. In certain cases, Paropsis 
eggs after fenitrothion application did not open or partially opened and 
larvae died ,vithin the eggs, though embryonic development was complet ed. 
In many cases emerged Paropsis larvae failed to eat the egg-shells and 
did not accept the yoW1g leaves l ying nearby; the normal gregarious 
pattern of larval activity was disrupted (Plate 2), and larvae could not 
crawl properly and later died . 
' I 
r: 
t 
Treatment 
ppm 
0 
0.625 
2.0 
6.25 
20.0 
62.5 
200.0 
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TABLE 4.1 
Fenitrothion ovicidal action against Paropsis eggs. 
No. of Eggs 
Treated 
666 
657 
755 
702 
652 
662 
762 
Per cent 
Hatchabili ty 
Mean 
93.4 
60.2 
46.9 
44.2 
27.4 
22.9 
12.6 
95 % Confidence Ob s erved Range 
Limits % 
82.8 - 103.9 84.0 - 100.0 
44.0 76.3 41. 9 76.1 
30.0 - 63.8 31.S - 65.3 
31.0 - 54.4 36.5 - 60.0 
7.0 - 47.8 0 40.1 
3.5 - 42.3 0 40.0 
-3.5 - 28.7 0 27.3 
4.2.2 Results of Egg Treatments: Arninocarb 
Arninocarb as an ovicide is less effective than fenitrothion against 
the eggs of P. atomaria and at least 30 times higher concentration was 
needed to achieve the same effect as fenitrothion (Tables 4.1, 4.2). The 
lower concentrations such as 0.625 and 2.00 p.p.m showed little difference 
within themselves as well as from the control. 
Treatment 
ppm 
0 
0.625 
2.0 
6.25 
20.0 
62 .5 
200.0 
TABLE 4.2 
Arninocarb ovicidal action against Paropsis eggs. 
No. of Eggs 
Treated 
788 
623 
645 
674 
663 
705 
721 
Per cent 
Hatchabil i ty 
Mean 
93.3 
87.8 
82.3 
77 .5 
63. 2 
46.5 
28.8 
95% Confidence Observed Range 
Limits % 
85.2 - 101.4 82. 9 - 100.0 
75.9 - 99. 7 75. 4 - 100 . 0 
71.8 - 92.7 70. 7 - 94 . 4 
62.5 - 89. 8 63 . 4 - 89 . 8 
50.8 - 75.5 49. 4 - 75 . 0 
37 . 6 - 55 . 3 37 . 3 - 53 . 8 
18. 9 - 38 . 8 18.7 - 39 . 0 
Plate 2: 
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Normal gregarious feeding by larvae from untreated 
eggs {left) and loss of gregarious habit in larvae from 
treated eggs. 
82 
The larvae emerging after treatment with weaker concentrations of 
aminocarb showed normal activity of feeding and aggregation, and all the 
larvae surviving treatments reached the adu lt stage, except at 6.25 ppm 
.when l arvae died after the second instar, but even here they ate egg -
shel1s and accepted the food leaves in a natural way. Aminocarb is a 
less satisfactory ovicide th an fenitrothion and shows less effects on 
survivors when compared to fenitrothion and confirms remarks of Smith 
and Salkeld [19 66] that carbamates are usually poor in ovicidal activity. 
At higher concentrations egg-~hells were partially eaten and although 
some larvae survived for a time, none reached the adult stage. As with 
fenitrothion, they showed loss of gregarious nature normal to Parops-is 
larvae. At 62.5 and 200.0 ppm aminocarb, larvae after emergence failed 
~ to eat the egg-shells, did not accept the leaves as food, lost 
coordination and ultimately died, a characteristic feature of much lower 
concentrations of fenitrothion. As Smith and Pearce [1948] pointed out, 
a good ovicide should not necessarily have to prevent all eggs from 
hatching, provided the larvae died immediately after emergence. 
4.2.3 Effects on Egg Parasites 
Hymenopterous parasites emerged apparently normal after fenitrothion 
application even at higher doses of 62.S and 200 ppm and represented 
parasitisation of 2 - 11.1% of the treated eggs. This compares well with 
normal levels of 1 - 20% observed in the field (Section 2. 4). With 
aminocarb, parasites emerged from 5 - 11% of the treated eggs and showed 
normal activity. 
4.2.4 Effects on Life Cycle of Survivors 
This was not recorded for fenitrothion because no larvae survived at 
any concentration. Life cycle after aminocarb treatment did not show 
much difference from the controls, being mean 44 days and 48 days 
respectively, which is not very different from the normal life cycle 
earlier reported (Table 2.9). 
4.3 GENERA~ EFFECTS OF INSECTICIDES 
ON LARVAE AFTER TREAT~-1ENT 
4.3 . 1 Effect on Life Cycle 
After topical application of different concentrations, some notice-
able effects were recorded rel ated to life cycle, biological condition of 
the treated larvae and physical cond ition of faeces. The time taken by 
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the treated larvae to reach the adult stage increased with increasing 
concentration of fenitrothion or aminocarb (Tables 4.3, 4.4 , 4.5, 4 .6) . 
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Surviving treated second instar l arvae took up to two weeks longer 
to grow to adults after aminocarb tieatm~nt, and up to three weeks lon ger 
after fenitrothion treatment (Tables 4.3, 4.4). Similarly, treatments 
of fourth instar l arvae prolonged the prepupal and pupal stages (Tables 
4.5 and 4 .6). 
4.3.2 Behaviour of Larvae After Treatment 
Some observations were made on the response of larvae after 
treatment with fenitrothion and aminocarb. Some effects on Paropsis 
larvae were common to both insecticides, but where applicable to only 
one, this is identified below. 
In general treated larvae: 
(i) appeared unsettled, 
(ii) showed perturbed gregarious habit, 
(iii) showed c6nvulsive movements, 
(iv) stopp~d feeding, 
(v) tended to lose grip of food leaves and fell down, 
(vi) later showed inactivity, followed by morbidity, 
(vii) became fi xed posteriorly to the substrat e , whirling around 
unt i l death . This was especially noticeable at higher 
concentrations , 
(viii) showed darkening and decomposition of body with in 48 hours 
especially in fenitrothion treatments~ This phenomenon was 
not common in aminocarb treatments except at very high 
concentration such as 6300 ng/g body weight, 
(ix) exuded yellow semi-solid matter from mouth and anus, 
frequently recorded in the dying larvae of fourth instar 
with both insecticides, 
(x) during death process as well as after death, released much 
moisture and some mucus- l ike material which soiled the 
filter paper disc and jar too . Aminocarb showed less of 
this effect except at 6300 ng/g than fenitrothion. This 
exudation of copious water cont ents probably accelerated 
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TABLE 4.3 
Paropsis life cyc l e after fen itrothion 
app lication to second ins t ar l arvae. 
Fi gures are fo r days. 
Instars & Stages Average 
Treatment Total to 
ng/g Pre- Pupa Adult II III IV pupa 
* 
Control Minimum 2 7 8 6 8 31 35.6 Maximum 3 9 10 8 10 40 
20 Minimum 2 8 8 7 9 34 36 . 2 Maximum 2 8 9 9 10 38 
63 Mi nimwn 2 9 10 9 8 38 42.5 Maximum 4 10 11 . 10 11 46 
200 Minimum 3 10 8 9 10 40 44.0 Maximum 3 11 11 11 12 48 
630 M1nimum 3 9 9 10 10.5 41.5 46.0 I I, Maximum 4 11 11 12 12.5 so ._5 
2000 Minimum 4 11 10 11 11 47 49.5 Maximum 4 11 11 13 13 52 
6300 Minimum 3 11 11 12 12 49 52.0 Maximum 5 12 13 12 13 55 
TABLE 4.4 
Paropsis life cycle after aminocarb 
application to s econd instar larvae. 
Figures are for days. 
Instars & Stages Average Treatment 
ng/g Pre- Total to Pupa Adult II III IV pupa 
* 
Control Minimum 2 6 8 8 7 32 35.0 Maximum 3 8 10 9 8 38 
20 Minimum 2 7 10 8 8 35 39.0 Maximum 4 8 12 10 9 43 
63 Mi nimum 2 10 8 9 9 38 41.0 Maximum 3 11 11 10 10 44 
200 Minimum 3 8 13 9 8 41 45.0 Maximum 4 11 15 11 9 49 
630 Minimum 2 7 13 9 7 38 43.0 Maximum 4 9 14 11 9 47 
2000 Minimum 3 8 12 8 8 39 44.0 Maximum s 10 13 10 10 48 
6300 Minimum 4 9 13 10 9 45 49.0 Maximum 5 10 14 12 11 52 
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TABLE 4.5 
Paropsi s life cycle af t er fenitrothion 
app licat ion t o fourth in s t ar larvae. 
Fi gures are fo r days . 
Treatment Total t o 4th Instar Prepupa Pupa Adult Aver age 
ng/g (a. i) 
* 
Control Min 8 10 7 25 28.0 Max 10 12 10 32 
20 Min 8 10 11 29 31. 0 Max 10 11 11 32 
63 Min 10 9 11 30 33 . 0 Max 11 12 13 36 
200 Min 12 10 11 33 35.0 Max 13 11" 13 37 
630 Min 11 11 12 34 36.0 Max 12 13 13 38 
2000 Min 13 12 12 37 39.0 Max 13 13 14 40 
6300 Min 11 12 13 36 38.0 Max 13 12 14 39 
TABLE 4.6 
Paropsis life cycle af t er aminocarb 
app lication to four th i ns t ar larvae. 
- Figures ?,re for days. 
Treatment Tot a l to 
ng/g (a.i) 4th Instar Prepupa Pupa Adult Average 
* 
Control Min 7 6 8 21 27.0 Max 10 11 11 32 
20 Min 10 9.5 8 27.5 29.5 Max 12 10.5 9 31.5 
63 Min 10 10 8 28 32.0 Max 11 12 12 35 
200 Min 11 9 10 30 32.0 Max 13 10 11 34 
630 Min 12 8 11 31 33.5 Max 13 10 13 36 
/r 
Min 11 9 10 30 2000 33.0 / Max 13 10 12 35 
6300 Min 10 9 12 31 35.0 
J. Max 12 13 13 38 
* Omitt ing egg , second and third in s t ar duration . 
'· 
the darkening and decompos ition after fenitrothion 
application . Control l arvae which died remained a l mos t 
dry with a few exceptions , 
(xi) protruded the defence glands of abdomen , especially with · 
fenitrothion, 
(xii) showed some abnorma lity 1n moulting , especially with 
fenitrothion (Plate 3a & b) . Exuviae could not be shed 
by some individua ls. 
(xiii) after aminocarb application had oily brownish appearance , 
common in fourth instar. 
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(xiv) had unusual death process. Larval body elongated abnormall y 
and became fleshy and soft 1n most cases . In contrast 
certain individuals of fourth instar contracted gradually 
and became wrinkled, although not dead. This was followed 
by mummification, becoming stumpy at death (Plat e 3a). This 
process was again r ecorded in fenitrothion generally and a 
similar situation occurred less commonly in some individuals 
after aminocarb application . 
(xv) displayed del ayed toxicity, as larvae treated at second 
instar continued to die in the followin g instar. 
(xvi) in the case of the fourth instar treated with hi gher 
concentrations of aminocarb like 630 , 2000 and 6300 ng/g 
chew the filter paper provided on the bottom of the jars 
while no such situation was recorded wi th fenitrothion. 
(xvii) Finally, emerging adults showed deformation (Plate 3b) . 
4 . 4 EFFECTS OF INSECTICIDE APPLICATIO S 
ON FEEDI NG OF PAROPSIS LARVAE 
Feeding behaviour, larva l weight and faeces production were 
investigated after topical app lication of fenitrothion and aminocarb to 
Paropsis larvae of second and fourth ins tars : For this purpose \veighed 
food lea es w re provided to wei~hcd larvae at 0 , 24, 48 and 96 hours to 
calculate the food intake and other related activities . Student- e\vman-
Keul ' s mu l tiple range test (S1 K test) was applied to the data for effects 
on feeding, larval weigh t and defaecation to determine non-si gn ificant 
ranges in treatments [Steel and Torrie 1960 , and Soka l and Rohlf 1969] . 
These ran ges are indicated by vertical lines in the tables. 
/, 
/., 
I. 
. Plate 3a. Abnormality in larval moulting, and wrinkling followed 
by mummification of full grown larvae after treatment. Normal 
larva at right of picture. Scale: x 4 of original size. 
Plate 3b. Deformation in emerging adults of Paropsis. 
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4.4.1 Effect of Fenitrothion on Food Intake 
by Second Instar Paropsis Larvae 
Because mortality during the observation period could bias figures 
of amount eaten, the weight, of food consumed during a period was divided 
by the median number of larvae alive in this period. For example, if 10 
larvae were alive at the beginning of a 24 hour period and S were alive 
89 
at the end, the amount of food eaten was attributed to 7.5 larvae. This 
assumes a· constant mortality rate, which most probably does not hold true, 
but this approach tends to reduce bias introduced by taking the larvae 
alive at beginning or end as being the effective consumers. Because 
different batches of larvae were used for each experiment, data proved 
unsuitable for pooling and separate tables are presented (Table 4.7). 
Overall, the experiment was not sensitive and extensive enough to 
reveal clear differences between treatments at the 5% significance level, 
but a clear trend of decreasing food consumption with increasing dose is 
evident even at 24 hours after treatment. At 48 hours and 96 hours non-
significant subsets are distinguishable: at this level of experimental 
sampling it is clear that the amount eaten 48 and 96 hours after treatment 
is significantly different between the control and 6300 ng/g dose in all 
three trials. Better sensitivity is apparent in trial III (Table 4 . 7), 
and after 96 hours in trial II, more subsets are obtained. 
While these figures show that food consumption decreased during any 
one observation period as the concentration of insecticide increased, 
food consumption by surviving larvae at any one insecticide concentration 
increased as the time increased, and was a function of the growth of 
larvae . At 6300 ng/g of applied fenitrothion, second instar larvae ate 
as little as 28~ of the amount of food eaten by the controls. 
4.4.2 Effect of Fenitrothion on Food Intake 
by Fourth Instar Paropsis Larvae 
Treatments applied to second instar larvae were repeated on fourth 
instar larvae (Table 4 . 8). The marked trend of food intake reducing with 
increasing dose rate is again evjdent, and in this case the SNK test 
reveals rather more non-significant subsets at the 5% level of significance 
(Table 4.8). These begin to show significant differences between some 
treatments especially after 48 and 96 hours, confirming the observed 
trend, but the data are still too inadequate and insensitive to show 
significant differences between every treatment . The trend, however, 1s 
quite marked and consistent in every experiment. This is more clearly 
Trial I 
Trial II 
Trial III 
Treatments 
ng/g (a.i) 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
TABLE 4.7 
Food intake by second instar larvae after fenitrothion appl i cation. 
0 - 24 Hours 
Mean Food .Intake. 
mg/larva . %.of .Control 
47.7 
46.4 
37.1 
36.7 
35.2 
33.9 
30.3 
38.6 
3(). 8 
32.1 
28 . 7 
22.7 
25.0 
I 21, 9 
24 . 7 
27.3 
? '7 6 
- .) . 
22 .9 
21.8 
20.5 
18.3 
100.0 
97.3 
77.8 ' 
76.9 
73.8 
71.0 
63.5 
100.0 
95.3 
83.2 
74.3 
71.8 
64.7 
56.7 
100.0 
110.5 
95.6 
92.7 
88.2 
82.9 
84.0 
24 - 48 Hours 
Mean Food Intake. 
.mg/larva .% of .Control 
67.51 
54.3 
53.7 
49.8 
47.1 
48.9 
36.6 
78.2 
64.3 
62 .8 
59.8 
53.4 
45.4 
38.3 
63.3 
53.8 
52.9 
48.9 
28.3 
26 .9 
17.8 
t 
100.0 
80.4 
79.5 
73.8 
69.7 
60.6 
52.7 
100.0 
82.2 
80.4 
76.4 
68.3 
58.0 
48.9 
100.0 
84.9 
83.5 
77.2 
44 .7 
42-. 4 
28.1 
Vertical l i nes indicate non-significant subsets (p > 0. 05). 
48 - 96 !lours 
Mean Food Intake 
mg/larva % of Control 
82. 4 
74 .2 
67.1 
65. 9 
69.5 
53 .9 
41 .5 
91. 9 
81 .2 
70 . 8 
69 . 3 
55. 2 
53 . 3 
45 . 9 
97 . 6 
88.2 
84 . 7 
81 .0 
59 .8 
41. 1 
38.7 
100.0 
90.0 
81.4 
79.9 
84.3 
65.4 
50.3 
100 .0 
88 .3 
77.0 
75.4 
60.0 
57.9 
49.9 
100.0 
90.3 
86.7 
82.9 
61.2 
42.1 
30.9 
\..0 
0 
Tria l I 
Trial II 
Trial III 
Treatments 
ng/g (a.i) 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200. 
630 
2000 
6300 
TABLE 4 .8 
Food intake by fourth ins tar larvae aft er fenitrothion app l ication . 
0 - 24 Hours 
Mean Food Intake 
mg/larva % of Contro l 
87.1 
79.7 
78.1 
71.1 
69 .3 
67 .9 
50 .4 
130.4 
126 .5 
126 .6 
113 .2 
102 .5 
86.7 
, 62.8 
98.1 
84.6 
78 .6 
67 .3 
63.3 
37 .9 
49 .9 
100.0 
91. S 
89 .6 
81 .6 
79.S 
77.9 
57.8 
100 .0 
97.0 
97.1 
86. 8 
78.6 
66 .4 
48 .1 
100. 0 
86 .2 
80 .1 
68 .6 
64 .5 
38 .9 
50.8 
24 - 48 Hours 
Mean Food Intake 
mg/larva % of Control 
130 .4 
108 .1 
92 .7 
89 . 6 
87 .5 
78 .3 
64 .2 
160. 7 
154 .4 
144.8 
131 .7 
129.9 
109 .1 
92 .9 
141.9 
112.2 
105.9 
73.6 
69 .8 
53.0 
35.6 
100.0 
82.8 
71.0 
68 .8 
67.0 
60. 0 
49.2 
100.0 
96.0 
90.1 
81 .9 
80.8 
67 . 8 
57.8 
100.0 
79.0 
74.6 
51.8 
49 . 1 
37.3 
25 .0 
Vertical lines indicate non-significant subsets (p > 0. 05). 
48 - 96 Hours 
Mean Food Intake 
mg/larva % of Contro l 
157 .7 
115.8 
94.9 
92 . 9 
86.2 
71 . 1 
61 .0 
191.8 
15 5. 9 
152.7 
144 .6 
128 .9 
112.5 
81 . 1 
155.8 
125.2 
114 . 7 
100.6 
88 . 5 
63.9 
73.6 
100 .0 
73 . 4 
60 . 1 
68.9 
54 .6 
45 .0 
38 .6 
100 .0 
81.2 
79 .6 
75.3 
67 . 2 
58 . 6 
42.2 
100.0 
80 . 3 
73 . 6 
64 .5 
56 .8 
41 .0 
47 .0 
'-0 
f--1 
l 
1. 
I. 
shown in the tables by expressing the amount consumed as a percentage of 
the amount eaten in the controls, and it can be seen that at a dose of 
6300 ng/g, consumption fell as low as 25% of that of the controls. 
4.4.3 Effect of Aminocarb on Food Intake 
by Second Instar Paropsis Larvae 
The second instar l arvae of Paropsis were treated topically .with 
aminocarb at various concentrations as for fenitrothion, and food 
consumption determined. Because different batches of larvae were used, 
leading to heterogeneity of variances of data, the data were not pooled 
and tables are presented for each experiment (Table 4.9) . 
Results are similar to those obtained with fenitrothion, with 
consistent decrease in food intake with increase in dose rate. Non-
significant ranges are shown in the table, but again the intensity of 
sampling and consequent sensitivity was inadequate to show significant 
differences between each treatment at the 5% level of significance. 
However, the trend remains consistent through each experiment, with 
intake significantly reduced to as much as 45% of the control at 6300 
ng/g. After 96 hours, there is evidence of recovery of surviving larvae 
from the effects of treatment in all the trials except trial III. This 
recovery phenomenon is quite characteristic of carbamates [Metcalf 1972, 
Sun 1972]. 
4 . 4.4 Effect of Aminocarb on Food Intake 
by Fourth Ins tar Paropsis Larvae 
The doses of aminocarb used for second instar larvae were repeated 
for fourth instar larvae (Table 4.10). Non-significant subsets 
92 
identified by the SNK multiple range t est are showp , and suffer from the 
same l ack of sensitivity mentioned previously. However, the cons istent 
trend of reduced intake of food with increased dosage is .again apparent, 
as consumption at 6300 ng/ g is as little as 23. 2% of that in controls. 
There is again some evidence of recovery at 96 hours in some trials, while 
no such recovery is not i ceable i n fourth instar l arvae after fenitrothion 
application . 
Trial I 
Trial II 
Trial III 
Trial IV 
Trial V 
Treatments 
ng/g (a.i) 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
TABLE 4.9 
Food intake after aminocarb application to second instar 
of Paropsis larvae. 
0 - 24 Hours 24 - 48 Hours 
Mean Food Intake Mean Food Intake 
mg/larva % of Control 
22.3 
17.4 
17.1 
16.1 
13.6 
13.3 
11. 9 
24.7 
23.4 
22.4 
21.5 
20.1 
19.2 
15.7 
24.9 
23.2 
22.2 
21.3 
20.1 
19.8 
17.7 
30.0 
25.2 
24.5 
20.9 
18.9 
17.1 
16.1 
28.9 
26.6 
23.9 
22.4 
21. 2 
21. 4 
19.4 
100.0 
78.0 
76.6 
74.4 
60.9 
59.6 
53.3 
100.0 
94.7 
90.6 
87.0 
81.3 
77.7 
63.5 
100.0 
93.1 
89.2 
85.5 
80.7 
79.5 
71. 0 
100.0 
84.0 
81.6 
69.6 
63.0 
57.0 
53.6 
100.0 
92.0 
82.6 
77.5 
73.3 
74.0 
67.1 
mg/larva % of Control 
23.2 
19.8 
17.5 
16.3 
14.6 
14.3 
13.0 
30.1 
26.3 
24.2 
23.4 
21.6 
18.7 
15.7 
30.6 
26.4 
25.0 
24.2 
17.0 
22.0 
16.9 
34.2 
32.5 
31. 5 
28.9 
25.7 
22.1 
20.3 
36.7 
31.4 
31. 7 
30.7 
22.4 
20.4 
17.7 
100.0 
85.3 
75.4 
70.2 
62.9 
61.6 
56.0 
100.0 
87.3 
80.3 
77.7 
71. 8 
62.1 
52.1 
100.0 
86.2 
81.6 
79.0 
55.6 
71.8 
55.2 
100.0 
95.0 
92.1 
84.5 
75.1 
64.6 
59.3 
100.0 
85.5 
86.3 
83.6 
61. 0 
55.6 
48.2 
Vertical lines indicate non-significant subsets (p > 0. OS). 
48 - 96 Hours 
Mean Food Intake 
mg/larva % of Control 
72.1 
60.9 
57.8 
55.3 
49.7 
50.6 
42.9 
65.6 
64.6 
62.5 
59.8 
55.8 
51. 3 
46.5 
66.3 
50.5 
46.9 
45.9 
42.6 
38.9 
29.9 
72.5 
55.9 
52.5 
49.0 
48.9 
44.9 
43.2 
51.0 
47.1 
46.1 
44.3 
42.3 
42.0 
40.2 
100.0 
84.4 
80.1 
76.6 
68.9 
70.1 
59.1 
100.0 
98.4 
95.2 
91.1 
85.0 
72.2 
70.8 
100.0 
76.1 
70.7 
69.2 
64.2 
58.6 
45.0 
100.0 
77.1 
72.4 
67.5 
67.5 
61.9 
59.5 
100.0 
92.3 
80.4 
86.8 
82.9 
82.3 
78.8 
I.O 
vi 
Trial I 
Trial II 
Trial III 
Trial IV 
Trial V 
Treatments 
ng/g (a.i) 
0 . 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
o. 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
TABLE 4.10 
Food intake after aminocarb application to fourth instar 
0 - 24 Hours 
Mean Food Intake 
mg/larva % of Control 
105.5 
95.1 
94.4 
92.8 
82.1 
73.3 
62.2 
85.8 
69.1 
66.4 
64.7 
61.9 
59.4 
51.0 
105.2 
100.4 
93.4 
90.6 
86.6 
83.7 
77.2 
96.7 
88.9 
86.2 
84.6 
80.5 
73.5 
68.7 
122.6 
119.8 
134.7 
92.3 
84.5 
68.5 
61. 0 
100.0 
90.1 
89.5 
87.9 
77.8 
69.5 
59.5 
100.0 
80.5 
77.4 
75.4 
72.1 
69.2 
59.4 
100.0 
95.4 
88.7 
86.1 
82.3 
79.5 
73.4 
100.0 
91.9 
89.1 
87.5 
83.2 
76.0 
71. 0 
100.0 
97.7 
109.8 
75.3 
68.9 
55.8 
49.7 
Pa:ropsis larvae. 
24 - 48 Hours 
Mean Food Intake 
mg/larva % of Control 
143.8 
70.5 
66.1 
49.3 
41.6 
41.0 
33.3 
107.7 
66.7 
64.2 
59.3 
57.8 
50.8 
42.3 
129.2 
98.4 
89.4 
86.3 
80.1 
77.4 
63.5 
113.4 
70.5 
65.3 
59.6 
56.1 
50.9 
43.0 
145.4 
87.6 
78.0 
74.5 
67.9 
58.9 
55.1 
100.0 
49.0 
45.9 
34.3 
28.9 
28.4 
23.2 
100.0 
61. 9 
59.6 
55.0 
53.7 
47.0 
39.3 
100.0 
76.2 
69.2 
66.7 
61. 9 
59.9 
49.1 
100.0 
62.2 
57.5 
52.6 
49.4 
44.8 
37.9 
100.0 
60.2 
53.6 
51. 2 
46.7 
40.5 
37.8 
Vertical lines indicate non-significant subsets (p > 0. 05). 
48 - 96 Hours 
Mean Food Intake 
mg/larva % of Control 
146.4 
88.6 
70.5 
72.7 
61.4 
49.6 
40.9 
146.9 
134.4 
130.2 
125.4 
148.1 
95.0 
58.1 
151.2 
125.5 
119.4 
115.4 
97.5 
93.9 
74.0 
143.7 
138.4 
134.9 
120.0 
115.7 
109.7 
74.5 
167.0 
149.3 
135.5 
128.9 
126.0 
110.0 
83.8 
100.0 
60.5 
51. 2 
49.6 
41.9 
33.8 
27.9 
100.0 
91.5 
88.6 
85.3 
101.0 
64.7 
39.5 
100.0 
83.0 
79.0 
76.4 
64.5 
62.1 
48. 9 
100.0 
96.3 
93.8 
83.5 
80.5 
76.3 
51.8 
100.0 
89.4 
81.1 
77.2 
75.4 
56.9 
50.2 
t.D 
+:>, 
4.5 EFFECT OF I NSECTICIDES ON LARVAL GROWTH 
The effect of topi cal ins ecticide applications on larval growth 
was assessed by wei ghing the surviving larvae from the experiments used 
to determine f ood int ake after fenitrothion or ami nocarb treatments · 
(Section 4.4) at the same interva ls of 24, 48 and 96 hours. The data 
95 
so collected were analysed for significant differences between treat ments 
using the SNK procedure [Steel and Torrie 1960, Sokal and Rohlf 1969]. 
4.5.1 Larval Weight After Fenitrothion Application 
to Second Instar Paropsis Larvae 
In general, second instar .treated larvae suffered a reduction in 
1
1
1 weight proportionate to strength of the concentration and at 6300 ng/g, 
weight was as little as 13% of that of the controls (Table 4.11). In 
nearly every case, weight of treated larvae was significantly Jess than 
that of control, untreated larvae, and- non-significant subsets of data 
are indicated in Table 4 .11. While the extent of the 
experiments again gave inadequate sensitivity to show significant 
differences at the 5% level between each treatment, the consistent 
trend of decreasing weight with increasing dose is clear. At 6300 ng/g 
larval weight after 96 hours was generally less than weight of control 
larvae at 24 hours, and even at 2000 ng/g larval weight at 96 hours was 
similar to weight of control larvae at 24 hours. 
The rate of increase in weight relative to that of controls decreased 
with the passage of time and is clear from the columns giving weight as 
a percentage of control weight. For any given concentration these 
fi gures decreas e f rom 24 to 48 hours and 48 to 96 hours (Table 4.11). 
4 . 5. 2 Lar va l We i ght Aft er Feni t r othion Applicatio_n 
to Fourt h Instar Parops is Larvae 
The respons e patter n is more difficult to ana l yse her e . Th e SNK 
t est indicat ed that in many cas es the lower concent r a t i on t reatments 
gave results not s i gnificantl y di ffer ent f rom cont r ol s , a l though aga i n 
a consis t ent trend of r eduction i n larval weight with each i ncr ease i n 
ins ect icide concentrat i on i s obseTved (Table 4 . 12), and , e i ght may be as 
litt l e as 44% of that of controls after 96 hours . 
Wh i l s t from O - 96 hours, we ight of contr ol f ourth i n s t ar l ar vae 
i ncreas ed to ne ar l y t wice the original wei ght at O hour , in contrast , 
larvae treated wi th 6300 ng/ g do s e of fen itr ot hion l ost weight. 
I. 
In trial s I and II, concentrations above 630 ng/ g resulted after 
96 hours in l arval weights lowe r than the controls were at 24 hours. In 
trial III, all t reat ments after 96 hours gave l arval weights lowe r th an 
the controls at 24 hours . . In contrast to second instar larvae , weight 
relative to that of controls r emained fairly constant with passage of 
time instead of decreasing markedly. This is seen from the columns giving 
weight as a percentage of control weight at 24, 48 and 96 hours (Table 
4.12). Fourth in.star Paropsis larvae would appear to be less sensitive 
than second instar to fenitrothion. 
4 . 5.3 Larval Weight after Aminocarb Application 
to Second Instar Paropsis Larvae 
Treatments described for fenitrothion in Section 4.5.1 were repeated 
using aminocarb . Variance was not homogeneous between the different 
trials so data were not pooled and is presented separately for each tri a l 
(Table 4. 13). 
All these five trials indicate that larval growth, after aminocarb 
application, decreased constantly as concentration increased. For any 
one concentration, relative growth increased between 24 and 48 hours but 
then decreased sharply up to 96 hours as evidenced by the figures for 
weight expressed as a percentage of the control weight. After 96 hours 
laryae weighed as little as 3% of the weight of control larvae, and at 
most of the hi gher concentrations weighed less at 96 hours than control 
larvae after 24 hours. The second instar larvae are obviously extremely 
susceptible to aminocarb. 
The SNK test showed that all treatments were significantly different 
from contr ols at the 5% l evel and despite the lack of sensitivity of the 
experiments, significant differences were detectable between means of the 
treatments (Table 4.13). 
4 .5.4 Larval Weight After Aminocarb App lication 
to Fourth lnstar Paropsis Larvae 
Fourth instar larvae appear rather less sus ceptible to aminocarb 
than to fenitrothion , with a maximum reduction in weight after 96 hours 
at 6300 ng/g t o 57.6% of the weight of controls (Table 4 .14). 
For any particular level of treatment larvae maintained their rate 
of growth with time , as can be seen from the weights when expressed as a 
percentage of control weight . Except for trial V, weight for each 
96 
Tri al I 
Trial II 
Trial III 
Treatments 
ng/g 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
630 0 
0 
20 
63 
200 
630 
2000 
6300 
TAB LE 4.11 
Second ins tar Par·opsi s 1 arva l wei ght after feni trothion 
appl i cation 
0 Hour 
Mean Weight 
24 Hours 
Mean Wei ght 
Time Intervals 
48 Hours 
Mean We ight 
mg/larva % of Control mg/larva % of Control mg/larva % of Control 
3.3 
3.4 
3.3 
3.4 
3.5 
3 . 3 
3.4 
2.8 
2.7 
2. 8 
2. 8 
2.7 
2.7 
2. 6 
I 
2.81 
2.7 
2.9 
2.7 
2.7 
2.7 
2.7 
100.0 
103.0 
100 .0 
103.0 
106.1 
100 .0 
103 .0 
100.0 
96.4 
100 . 0 
100 .0 
96 .4 
96.4 
93.0 
100 .0 
96.4 
103.6 
96. 4 
96. 4 
96.4 
96.4 
12.8 
11.9 
10.7 
9.7 
8.6 
7.6 
6.4 
17 . 8 
12.4 
11.2 
9.7 
7.8 
6.8 
5.3 
15.2 
8.8! 
7.7 
6.7 
5.9 
5.4 
4.5 
100.0 
92.5 
83.6 
75.7 
67.2 
59.3 
50 . 0 
100.0 
69.6 
62.9 
54.5 
43.8 
38.2 
29.7 
100.0 
57.8 
50.6 
44.0 
38.8 
35.5 
29.6 
52.3 
37.5 
26.6 
19.4 
17.7 
13.9 
11.8 
34.3 
20. 3 
16.2 
14. 2 
10.5 
9.1 
7. 4 
53. 6 
2.., '7 :J • .) 
17. 3 
13. 5 
11. 8 
9.5 
7.1 I 
100.0 
71.7 
50.9 
37.0 
33.8 
26.5 
22.6 
100.0 
59 .2 
47.2 
41 .3 
30 .6 
26 .5 
21.6 
100 . 0 
43 .6 
32 . 3 
25.2 
22.0 
17.7 
13.2 
Vertical lines indicate non-s i gni f icant subsets (p > 0. 05). 
96 Hours 
Mean Weigh t 
mg/l arva % of Control 
82. 1 
55.0 
44 .7 
37.8 
31 .5 
22.2 
17 . 7 
64 . 4 
35 .6 
28 . 4 
26 . 7 
19.8 
16 . 8 
14 . 7 
80. 5 
28.1 
25.4 
22 . 2 
19 . 8 
17 . 8 
14.6 
100.0 
66.9 
54 . 4 
46.0 
38 . 4 
27 . 0 
21.5 
100 . 0 
55.3 
44 .0 
41.S 
30.7 
26 . 0 
22 . 8 
100 . 0 
34 . 9 
31 .S 
27 . 6 
24 . 5 
22. 6 
18 . 1 
"° -..:) 
Trial I 
Tr ial II 
Trial III 
Treatments 
ng/g 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 Hour 
Mean \\'eight 
TABLE 4.12 
Fourth instar Paropsis l arva l weights 
after fenitrothion application 
24 Hours 
Mean Weight 
Time Intervals 
48 Hours 
Mean Weight 
mg/larvae % of Control mg/larva % of Control mg/larva % of Control 
86.9 
88 . 6 
86 .6 
87 . 9 
86 .5 
86.1 
89.4 
74 . 3~4 
69. 0: \ 
70. 0~: 
75. 4: : : 
70. 2 I : -4 
74 . 0 
73.6 
87.611'4 
84.8 
' 81.9: 
85 . l 
89 . 1 
92.3: 
91..4~ 
100.0 
101 .9 
99.7 
101.2 
99.5 
99 .1 
102.9 
100.0 
92 .9 
94.2 
101.5 
94.5 
99.6 
' 99 .1 
100.0 
96 .8 
93 .5 
97.1 
101.7 
105.4 
104.3 
115.8 
110.3 
105.3 
104.2 
97 .5 
89 .7 
66 .8 
103.2 
95.8 
89 .8 
81.2 
73.9 
66.8 
60.3 
151.9 
144.6 
128 .8 
112.7 
104.4 
97.3 
89.4 
100.0 
95.2 
90.9 
89 .9 
84.2 
77.4 
57.7 
100.0 
92.8 
8 7. 0 
78.7 
71.6 
64.7 
58.4 
100.0 
95.2 
84.7 
74 .1 
68.7 
64.0 
58.9 
128.6 
127.6 
124.7 
122.5 
111.2 
100 .4 
73.9 
127.9 
125.8 
123.3 
117.4 
112.7 
97. 3 
64.8 
157.5 
140.7 
128.6 
118.3 
111.9 
97.3 
79.6 
100.0 
99.2 
96.9 
95.2 
86.4 
78.0 
57.5 
100.0 
98.3 
96.4 
91.7 
88.1 
76.0 
50.6 
100.0 
89.3 
81.6 
74.9 
71.0 
61. 7 
50.5 
Vertical lines indicate non-significant subsets (p > 0. 05) . 
96 Hours 
Me an Weight 
mg/larva % of Control 
158.5 
135.8 
129.5 
120.3 
113.9 
94.8 
74.9 
146.5 
113.9 
127.7 
123.4 
107.4 
77.2 
64.2 
163.7 
151.5 
132.8 
121.0 
112.8 
102.9 
90.4 
100.0 
85 .6 
81 . 
78 . 8 
71.9 
59.8 
4 7. 3 
100.0 
91 .3 
87.2 
84.2 
73.3 
52.7 
43 . 8 
100.0 
92.5 
81 .1 
73.9 
68.9 
62. 8 
55.2 
~ 
CX) 
' Trial I 
Trial II 
Trial III 
Trial IV 
Trial V 
Treatments 
ng/g 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
TABLE 4.13 
Second instar Paropsis larval weights after aminocarb applications. 
0 Hour 
Mean Weight 
mg/larva % of Control 
2.5 
2.5 
2.5 
2.4 
2.5 
2.5 
2.4 
2.9 
3.1 
2.9 
3.0 
2.9 
3.0 
3.0 
2.4 
2.4 
2.4 
2.4 
2.3 
2.2 
2.3 
2.7 
2.8 
2.8 
2.7 
2.7 
2.6 
2.8 
3.3 
3.5 
3.4 
3.6 
3.3 
3.6 
3.5 
100.0 
100.0 
100.0 
96.0 
100.0 
100.0 
96.0 
100.0 
106.9 
100.0 
103.4 
100.0 
103.4 
103.4 
100.0 
100.0 
100.0 
100.0 
95.8 
91. 7 
95.8 
100.0 
103.7 
103.7 
100.0 
100. 0 
96.3 
103~7 
100.0 
106.0 
103.0 
109.0 
100.0 
109.0 
106.0 
Time Intervals 
24 Hours 
Mean Weight 
mg/larva % of Control 
7.6 
4.0 
2.2 
1.9 
1.6 
1.4 
1.1 
8.2 
5.81 
4.9 
3.6 
3.0 
2.7 
2.4 
7.9 
3.0, 
2.2 
1. 8 
1. 7 
1.5 
1.2 
5.7 
2.9 
2.2 
2.0 
1.8 
1. 7 
1. 3 
8.7 
4.31 
3.4 
2.9 
2.5 
2.4 
1. 8 
100.0 
52.6 
28.9 
25.0 
21.0 
18.4 
14.5 
100.0 
70.7 
59.8 
43.9 
36.6 
32.9 
29.3 
100.0 
37.9 
27.8 
22.7 
21.5 
18.9 
15.2 
100.0 
50.8 
38.6 
35.0 
31.5 
29.8 
22.8 
100.0 
49.4 
39.0 
33.3 
28.7 
27.6 
20.7 
48 Hours 
Mean Weight 
mg/larva % of Control 
13.0 
7.3 
4.9, 
4.2 
3.1 
. 2.7 
2.5 
13.0 
5.9 
5.4 
4.8 
4.2 
3.7 
2.5 
9.6 
4.8 
4.1 
3.0 
2.4 
2.2 
1. 7 
8.9 
4.8 
4.0 
3.6 
3.0 
2.7 
1.8 
10.7 
4.6 
4.5 
4.3 
4.1 
3.4 
2.9 
100.0 
56.2 
37.6 
32.3 
23.8 
20.7 
19.2 
100.0 
45.4 
41.5 
36.9 
32.3 
28.5 
19.2 
100.0 
50.0 
42.7 
31.2 
25.0 
22.9 
17.7 
100.0 
53.9 
44.9 
40.4 
33.7 
30.3 
20.2 
100.0 
42.9 
42.0 
40.2 
38.3 
31. 7 
27.1 
Vertical lines indicate non-significant subsets (p > 0. 05). 
96 Hours 
Mean Weight 
mg/larva % of Control 
64.9 
13.2 
11.2 
9.0 
7.3 
5.9 
3.3 
56.6 
12.9 
10.9 
9.3 
8.7 
7.4 
5.9 
81.9 
11.1 
6.9 
5.0 
4.4 
3.0 
2.5 
57.2 
13.3 
8.6 
8.0 
7.6 
6.2 
3.9 
61.9 
8.8 
8.0 
7.4 
5.8 
4.9 
4.0 
100.0 
20.3 
17.2 
13.8 
11.2 
9.1 
5.0 
100.0 
22.8 
19.3 
16.4 
15.4 
13.1 
10.4 
100.0 
13.6 
8.4 
6.1 
5.4 
3.7 
3.0 
100.0 
23.3 
15.0 
13.9 
13.2 
10.8 
6.8 
100.0 
14.2 
12.9 
11.9 
9.4 
7.9 
6.5 I.O I.O 
Trial I 
Trial II 
Trial III 
Trial IV 
Trial V 
Treatments 
ng/g 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
0 
20 
63 
200 
630 
2000 
6300 
o. 
20 
63 
200 
630 
2000 
6300 
TABLE 4.14 
Fourth instar Paropsis larval weights after arninocarb applications. 
0 Hour 
Mean Weight 
mg/larva % of Control 
65.3 
64.2 
64.1 
63.9 
63.5 
63.6 
64.9 
65.8 
64.7 
68.2 
65.7 
65.1 
68.6 
67.9 
60.2 
59.5 
62.1 
61. 2 
61.5 
61.6 
60.6 
77.2 
75.7 
75.2 
78.7 
78.4 
77.9 
76.9 
68.3 
66.8 
67.2 
68.2 
69.4 
68.0 
69.7 
100.0 
98.3 
98.2 
97.9 
97.2 
97.4 
99.4 
100.0 
98.3 
103.6 
99.8 
98.9 
104.2 
103.2 
100.0 
98.8 
103.2 
101.7 
102.2 
102.3 
99.7 
100.0 
98.0 
97.4 
101.9 
101.6 
100.9 
99.6 
100.0 
97.8 
98.4 
99.9 
101.6 
99.6 
102.0 
Time Intervals 
24 Hours 
Mean Weight 
mg/larva % of Control 
78.6 
78.1 
75.2 
77.5 
67.7 
71. 3 
64.2 
84.4 
83.9 
80.0 
77.9 
71.1 
71.0 
68.3 
100.2 
91.9 
88.3 
84.9 
81. 2 
80.9 
73.0 
115.5 
103.5 
100.7 
98.5 
93.1 
92.4 
80.5 
92.0 
91.0 
89.2 
85.9 
82.0 
79.5 
69.5 
100.0 
99.4 
95.7 
98.6 
86.1 
90.7 
81.6 
100.0 
99.4 
94.7 
92.3 
84.2 
84.1 
80.9 
100.0 
91. 7 , 
88.1 
84.7 
81.0 
80.7 
72.8 
100.0 
99.6 
97.2 
85.3 
80.6 
80.0 
69.7 
100.0 
98.9 
96.9 
93.4 
89.1 
86.4 
75.5 
48 Hours 
Mean Weight 
mg/larva % of Control 
86.0 
83.1 
81.0 
75.9 
71. 7 
60.0 
57.5 
91.3 
85.6 
84.6 
80.6 
78.4 
76.7 
69.7 
104.0 
102.8 
96.1 
88.3 
83.0 
74.5 
63.6 
119.8 
118.7 
113.9 
108.2 
107.6 
103.3 
84.6 
108.71 
100.7 
90.9 
89.8 
86.0 
82.5 
69.9 
100.0 
96.6 
94.2 
88.3 
83.4 
69.7 
66.8 
100.0 
93.7 
92.6 
88.3 
85.8 
84.0 
76.3 
100.0 
98.8 
92.4 
84.9 
79.8 
71.6 
61.2 
100.0 
99.0 
95.0 
90.3 
89.8 
86.2 
70.6 
100.0 
92.6 
83.6 
82.6 
79.1 
75.9 
64.3 
Vertical lines indicate non-significant subsets (p > 0. OS). 
96 Hours 
Mean Weight 
mg/larva % of Control 
130.9 
128.2 
105.6 
98.7 
86.3 
82.6 
75.4 
105.9 
97.1 
90.9 
86.2 
82.4 
77.6 
71.9 
127.9 
121.6 
118.7 
114.5 
105.5 
94.0 
75.1 
134.7 
131.5 
129.5 
125.6 
124.7 
116.6 
103.9 
132.2 
130.8 
121.9 
120.8 
115.9 
113.1 
91.8 
100.0 
97.9 
80.9 
75.4 
65.9 
63.0 
57.6 
100.0 
91. 7 
85.8 
81.4 
77.8 
73.3 
67.9 
100.0 
95.0 
92.8 
89.5 
82.4 
73.5 
58.7 
100.0 
97.6 
96.1 
93.2 
92.6 
86.5 
77.1 
100.0 
98.8 
92.2 
91.3 
87.6 
85.5 
69.4 ~ 
0 
0 
concentration up to 630 or 2000 ng/g were not significantly different 
from the controls, although the characteristic and consistent trend of 
wei ght decrease with increased treatment concentration is again evident. 
4.6 EFFECT OF I NSECTICIDE APPLICATION ON 
FAECES PRODUCTION AD EXCRETION 
Methodology used for assessment of feeding rate and growth rate of 
Paropsis larvae after subjecting various instars to treatments of 
fenitrothion and aminocarb was followed to evaluate the effect of these 
insecticides on defaecation. Faeces production per larva was based on 
calculation assuming constant death rate. The · median number of larvae 
alive during a time period was divided into the total amount of faeces 
produced. It was considered this approach reduced bias compared with a 
system ·in which number of larvae alive at the beginning of the time 
period was used for calculation. Although it is unlikely that death 
rate is constant; it was not practicable to measure true rate. Faeces 
were collected at 96 hours and dried for up to 48 hours in an oven at 
85 °C. 
ror collection of faeces, shoots with leaves were placed vertically 
so that faeces wou ld fall on to filter paper discs immediately after 
excretion and at the same time not soil the food leaves. Observations 
10] 
we~e made on the physical condition of faeces at the time when mortality was 
determined (Section 3.8). After drying, faeces were scraped into a 
plastic dish and weight of faeces recorded according to insecticide 
treatment given. Results are expressed as milligrams of faeces per 
larva and as percentages of control we i ght (Tables 4.15- 4 .20) . Non-
significant ranges revealed by the SNK test are includ ed in the tab l es . 
Res ults of each trial are listed individually, as pooling of data was 
not statistically valid. 
4.6.1 Faeces Condition After Insecticide Treatment 
After treatment with lower concentrations, especially of 
fenitrothion, the smell o f faece:' was pungent. With aminocarb application 
of 6300 ng/g, faeces had a more fruity smell . \ ith higher concentrations 
of insecticide, more sticky faeces were produced by both instars and 
faeces were of dull colouration at hi gher concent rations of 2000 and 
. 
6300 ng/g. Larve displayed a diarrhoea effect and faeces became pasty 
rather than pelleted due to the effect of stronger concentrations and 
,1 
time fac t or after treatment. At highest concentrations no solid faeces 
were excreted but only thick wat ery brown material which stained the jar 
and filter paper discs . The area and depth of stain was dependent on 
concentration of applied insecticide (Plate 4). 
4 .6.2 Excretion of Viscous Brown Matter 
These stained paper discs after oven drying were we i ghed fo l'. each 
insecticide treatment, together with discs fr6m control treatments~ 
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The weight of new clean filter paper discs then was subtracted from th e 
above weights to give net weight of viscous matter (Tables 4.15 and 4.16). 
Weight loss or retardation of larval growth at higher concentrations 
may be due to loss of water contents, reduced food consumption (Section 
6.5) and excretion of solid material. These paper discs stained with 
such viscous material, although having no faeces, after drying weighed 
more than clean paper discs, so some solid and dry matter was present 
(Tables 4.15 and 4.16). 
The marked increase in excretion of dry matter following the 
treatment is evident from the tables, and in part is due to the diarrhoea 
produced in the larvae. Histological sections revealed breakdown of 
peritrophic membrane in the gut (Chapter 5) which may well be responsible 
for this reduced utilisation of food and production of abnormal faeces. 
4.6.3 Solid Faeces Production After Fenitrothion 
Application to Par opsis Larvae 
Excretion of solid faecal pellets in second instar larvae decreased 
markedly after treat ment s and was significantly lower than the controls. 
The trend of decreasing defaecation wi th increasing concentration is clear 
although the SNK test indicates that differences are not si gnificant in 
many cases (Table 4.17). Faeces production at 6300 ng/g after 96 hours 
was as little as 6.7% of that in controls. 
In fourth instar larvae the trend to reduction in faecal pellet pro-
duction with increasing insecticide application is continued and at 6300 ng/g 
aft er 96 hours faeces production was as l i ttle as 12.9% of t h at i n 
control s (Tabl e 4 .1 8) . 
1. 
Plate 4. Solid faeces produced by untreated larvae compared with 
liquid faeces produced by treated larvae (shown by degree of 
staining of filter paper). A, Control. B- D, Increasing 
insecticide concentration. 
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Ins t ar 
Second 
Fourt h 
Time 
(Hours ) 
0 - 24 
24 - 48 
48 - 72 
72 - 96 
0 - 12 
12 - 24 
24 - 48 
48 - 72 
72 - 96 
Control 
Weight 
(mg) 
4 .0 
3.8 
4 .8 
6 . 5 
11.7 
20.7 
16 . 4 
68 . 6 
69.5 
TAB LE 4.15 
Weights of ·viscous material excreted after fenitrothion 
treatment 
12 Hour 63 ng/g 12 Hour 630 ng/g 12 Hour 6300 ng/g 
Rate 
(mg) 
2.0 
1 . 9 
2.4 
3.2 
11 .7 
20.7 
8 .2 
34 . 3 
34 .,8 
Wt . (mg) 
8.6 
12. 1 
5.7 
10.4 
15.3 
22 . 4 
24 . 3 
73.0 
71.5 
Rate 
(mg) 
4 .3 
6.0 
2.8 
5.2 
15.3 
22.4 
12.2 
36.6 
35.8 
Wt . (mg) 
10.1 
13 .5 
6.4 
12.5 
19.4 
26.8 
71.0 
78.7 
75.5 
Rate 
(mg) 
5.0 
6.8 
3.2 
6.2 
. 19. 4 
26 .8 
35.5 
39 .3 
37 .8 
Wt . (mg) 
14 .4 
17.6 
9.8 
18.0 
39.0 
42 .0 
85 . 5 
90.5 
97.9 
12 Hour 
Rate 
(mg) 
7 . 2 
8.8 
4 . 9 
9.0 
39.0 
42 .0 
42 .8 
45.2 
48 .9 
I--' 
0 
+'>-
Instar 
Second 
Time 
(Hours) 
0 - 24 
24 - 48 
48 - 72 
72 - , 96 
0 - 12 
12 - 24 
Fourth 24 - 48 · 
48 - 72 
72 - 96 
~ - --
TABLE 4.16 
Weights of viscous material excreted after aminocarb treatment 
Control 
Weight 
(mg) 
3.0 
3 .0 
3.6 
3.4 
23.0 
32.8 
63.1 
46.1 
52·. 5 
12 Hour 
Rate 
(mg) 
1.5 
1.5 
1 . 8 
1 .7 
23 . 0 
32 . 8 
31.5 
23 . 0 
I 26 , 2 
63 ng/g 
Wt. (mg) 
3.9 
6 .8 
6 . 4 
9.2 
17 .0 
34.0 
65.4 
54.0 
69.0 
12 Hour 
Rate 
(mg) 
1.9 
3.4 
3.2 
4.6 
17.0 
34.0 
32.7 -
27.0 
34.6 
630 ng/g 
Wt . (mg) 
5.0 
11.9 
16.4 
18. 2 
28.7 
35.0 
68. 4 
62.4 
76.S 
12 Hour 
Rate 
(mg) 
2.5 
5. 9 
8 .2 
9.1 
28 .7 
35.0 
34.2 
31.2 
38.2 
6300 ng/g 
Wt . . (mg) 
5.6 
15.5 
19.0 
22.0 
29 . 8 
40 .0 
75.8 
79.3 
88 . 0 
12 Hour 
Rate 
(mg) 
2 . 8 
7.8 
9.5 
11.0 
29 . 8 
40.0 
37.9 
39 . 6 
44 . 0 
~ 
0 
u, 
r 
Treatments 
ng/g 
0 
20 
63 
200 
630 
2000 
6300 
TABLE 4.17 
Faecal pell et production a f ter f enitrothion 
application to second instar Paropsis 
larvae. 
Trial I Trial II 
Faeces Faeces 
As % of As % of 
mg/larva Control mg/larva Control 
41. 9 100 .. o 24.8 100.0 
10.9 26.0 10.9 43.9 
9.2 21.9 8.0 32.3 
6.5 15.5 7.3 29.4 
5.8 13.8 6.4 25.8 
4.5 10.7 5.4 21.7 
2.8 6.7 4.3 17.3 
Trial III 
Faeces 
As ~I; of 
mg/larva Control 
29.5 100.0 
12.9 43.7 
9.5 32.2 
7.9 26.7 
6.0 20.3 
7.3 24.7 
5.5 18.6 
Vertical lines indicate non-significant subsets (p > 0. 05). 
4.6.4 Solid Faeces Production After Aminocarb 
Application to Paropsis Larvae 
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As with fenitrothion, aminocarb also produced severe reduction of faecal 
pellet production of a similar order to that -observed with f~nitrothion 
(Tables 4.17, 4.18). For second instar larvae, faeces production was as 
little as 4.8% of that for controls, and for fourth instar as little as 
20.3% at 6300 n g/g after 96 hours. On the whole, all treatments 
significantly r educed f aeces production below that of controls, but 
sensitivity of the test was too low for the SNK test to reveal s i gn i fi cant 
di ffe r enc es between each treat ment. However, non:si gni f icant subse t s are 
shown in the t ables (4 .19- 4 .22}. 
Although t he data are inconclusive, it appears that the effect of 
aminocar b on fae ce s production by f ourth i nst ar larvae may be a little 
les s s evere t han fo r feni t r othi on (cf . Tab l es 4 .15, 4 .1 6 , 4 .1 8 , 4 . 20) . On 
the other hand, second instar larvae may be a li t tl e less affected by 
fenitrot h ion than by aminocarb (cf . Tab l es 4 .15, 4 .16, 4 .1 7 , 4 .1 9) . 
Note t hat a l t hough faeca l pell et pr oduction decr eased markedl y , dry 
I. matter excret ion in liqui f ied fae ces i ncreased markedly after treatment 
(S ection 4.6. 2). 
r 
I, 
TABLE 4.18 
Faecal pellet produ~t ion afte r fenitrothion 
application to fou r th instar Paropsis 
larvae . 
Trial I Trial II 
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Tri a l III 
Treatments 
ng/ g 
Faeces 
mg/larva As% of 
Control 
Faeces 
mg/larva As% of 
Control 
Faeces 
mg/larva As% of 
Control 
0 100.6 100.0 59.2 100.0 90 . 3 
20 44.1 43.8 38.3 64.7 39.7 
63 34.9 34.7 35.2 59.S 33.0 
200 32.1 31. 9 33.0 55.7 31. 9 
630 29.6 29.4 31. 2 52.7 26.2 
2000 23 .2 23 .0 28.2 47.6 20 . 7 
6300 13.0 12.9 17.7 29.8 15.6 
Vertical lines indicate non-significant subsets (p > 0. OS). 
4.6.S Overall Effects of Treatment: Food Intake, Weight, 
Faece s Prodµction and Mortality 
100.0 
43 . 9 
36.S 
35.3 
29.0 
22.9 
17.2 
The impact of the insecticide doses is clearly seen after pooling 
all data after 96 hours for food intake, faeces production, weight and 
mortality, and expressing these to a .standard scale of per cent of 
control (Fig. 4 . 1 and 4.2) . For both the insecticides, fenitrothion and 
aminocarb mortality lines show the ascending trend with increase of 
dosage, but the trend of the physiological traits is decreasing. 
4.7 EFFECT OF LONGEVITY, FECUNDITY AD 
FERTILITY OF SURVIVING PAROPSIS ADULTS 
Very little has been done in this field of sterility effects on 
adults developing from survivors of insecticide treatments . This section 
describes my results following t reatments of Paropsis larvae with 
low doses of fenitrothion a11d amino carb and breeding throuah 
surviving larvae to adults. The adults reared from such surviving l arvae 
wer e confined in teryl ene mesh bags over the shoots of E. blakelyi in the 
field near Black Mountain , Canberra. 
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TABLE 4.19 
Faecal pellet production rate after aminocarb application to second instar larvae. 
TRIAL I TRIAL II TRIAL III TRIAL IV TRIAL V 
Faeces Faeces Faeces Faeces Faeces 
mg/larva % Control mg/larva % Control mg/larva % Control mg/larva % Control mg/larva % Control 
23.7 100.0 30.4 100.0 27.2 100.0 27.1 100.0 26.9 100.0 
6.2 26.2 7.1 23.4 9.2 33.8 7.2 26.6 6.71 24.9 5.4 22.8 6.2 20.4 7.7 28.3 6.1 22.5 5.5 20.4 
3.8 16.0 4.5 14.8 6.2 22.8 4.7 17.3 4.3 15.9 
3.4 14.3 3.9 12.8 4.0 14.7 4.1 15.1 3.4 12.6 
2.9 12.2 3.4 11.2 2.0 7.4 3.7 13.7 2.5 I 9.3 1.8 7.6 2.9 9.5 1.3 4.8 2.7 9.9 1.6 5.9 
Vertical lines indicate non-significant subsets (p > 0. 05). 
TABLE 4.20 
Faecal pellet production rate after aminocarb application to fourth instar larvae. 
TRIAL I TRIAL II TRIAL III TRIAL IV 
Faeces Faeces Faeces Faeces 
mg/larva % Control mg/larva % Control mg/larva % Control mg/larva % Control 
65.1 100.0 64.81 100.0 72.2 100.0 86.2 100.0 
44.7 68.6 58.8 90.7 63 .4 87.8 80.5 93.3 
39 .9 61.3 36.1 55.7 57.5 79.6 71.6 83.0 
34.8 53.4 30.2 46.6 49.0 67. 8 64.9 75.3 
30.2 46.4 25.0 38.5 44.0 60.9 59.2 68.7 
25.3 38.8 20.3 31.3 35.0 48.5 50.5 58.5 
13.2 20.3 16.2 25.0 19.8 27.4 26.0 30.2 
Vertical lines indicate non-significant subsets (p > 0. 05). 
TRIAL V 
Faeces 
mg/larva % Control 
81. 7 
63.6 
56.8 
so. s I 
38.2 
30.5 
23.0 
100.0 
77.8 
69.5 
61.8 
46.7 
37.3 
28.2 
I-" 
I-" 
0 
4.7.1 Technique 
On emergence the surviving beetles in lots of 10 were kept under 
ordinary laboratory conditions in jars according to insecticidal treat-
ments. Fresh young food leaves of E. blakelyi v.ere provided every 24 
hours for a week, so th at their integument and body appendages became 
hard enough to be fi t for release in the field. These adul ts, regardless 
of sex, were r eleased after enclosing in 45 x 30 cm terylene mesh bags 
over the branches of E. blakelyi . Week ly obs ervation s were taken. Sex 
of beetles was checked within a fortnight or so after first mating when 
one was able to differentiate them into females and males. Wi th age, 
colour pattern is different in males and f emales: besides the amber 
colour, male beetles develop conspicuous blue dots on the elytra [Carne 
1966a] . 
4 . 7.2 Longevity 
The data on longevity were based on beetles surv1v1ng from fourth 
instar larvae treated with various concentrations of f enitrothion only, 
in the summer of 1970 - 71. 
Paropsis beetles emerging from the treated larvae lived as long as 
60 weeks with all ictivities normal except oviposition, otherwise they 
fed and excreted norma lly and resumed egg laying after hibernation. 
Survival from the different treatments is shown in Fi g . 4.3 but 
insufficient samp les were available to assess cr itically effect of 
treatment, and bags containing beetles from 20 and 200 ng/g treatments 
were damaged by a mower and were prematurely terminated. 
4.7.3 Fecundity of Adults Developing from Treated Larvae 
111 
The egg-laying capacity is based on a number of surviving Paropsis 
females in the bags and total number of eggs laid after each treatment of 
feni trothion applied to fourth instar l arvae during the summer of 1970 - 71. 
\Veekly observat ions indicated that beetles were mating after a 
f ortnight or so, within the normal period for this activity . Egg counts 
, ere made only for one season. Oviposition performance in the treated 
beetles was far less as compared to the control, fecundity being at least 
3 times higher than the treated ones (Table 4.2 1) . 
-After this pilot observation on fecundity the experiment was 
repeated in the summer of 1971 - 72, using both fenitrothion and aminocarb, 
but with the same dosages applied to both ins tars (Tabl es 4. 22 - 4 . 23). 
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TABLE 4.21 
Oviposition by the surviving Paropsis fema l es 
after fenitrothion treatment of larvae 1970 - 71. 
No . of 
Females 
5 
2 
3 
6 
5 
Total No. of 
Eggs Laid 
472 
38 
110 
148 
152 
Eggs per 
Female 
94 
19 
37 
25 
30 
Both ma le and female beetles died without laying . 
Two females survived only, and used for crosses , 
in which 128 eggs per fema le were laid. 
TABLE 4.22 
Female fecundity after fenitrothion application 
to larvae 1971 - 72. 
Larval Second Instar Fourth Inst ar 
Tr eat ment No . of Total Eggs/ No. of Total 
ng/g (a.i) Females Eggs Laid Female Females Eggs Laid 
0 8 1045 130 8 1045 
20 5 187 35 6 164 
63 5 156 31 3 208 
200 7 383 55 4 117 
630 5 361 72 3 126 
2000 7 323 46 2 126 
6300 3 143 48 5 82 
Eggs/ 
Female 
130 
27 
69 
29 
42 
63 
16 
After fenitrothion treatment of l arvae, surviving adults started egg 
laying but their performance was much l ess than the control. Data are 
not sufficiently extensive to detect differences after treatment of 
second or fourth instar larvae. 
TABLE 4 . 23 
Female fecundity after aminocarb application 
to larvae 1971 - 72 . 
Larva l Second Insta.r Fourth Instar 
Treatment - No . of Total Eggs/ of Tota l 
ng/g (a.i) 0 • Females Egg s Laid Female Femal es Eggs Laid 
0 8 1045 130 8 1045 
20 4 60 15 7 70 
63 5 57 11 9 118 
200 4 63 16 6 84 
Eggs / 
Female 
130 
10 
13 
14 
630 5 53 11 8 o mating took place 
2000 6 56 9 9 30 3 
6300 7 0 0 5 ro mating took pl ,J C 
-
/, 
I. 
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In the case of aminocarb, egg-laying was markedly less t han for 
fenitrothion treatments and at the highest dose of 6300 ng/ g , no egg -
laying was recorded for the f ema les of either instars (Table 4. 23). 
Application to either second or fourth instar l arvae shows s imilar 
massive reduction in egg-laying by surviving females. Thi s, coup led with 
the low mortality to larva l endoparasites caused by low dos e s of 
aminocarb (S ection 4 .8 ) open up new hor izons for integr at ed control. 
Thus one achieves ovicida l action, chem ica l kill, maintenance of nat ura l 
parasitisation, besides the steri lis ation of surviving beetles. 
It was common in both fenitrothion and aminocarb t reatments f or some 
fema l es to lay eggs in an irregular way without col lar f ormat ion. 
Newsom [1967] observed reduction in egg~laying capacity of pink boll 
worm (Gelechiidae) after spraying of DDT. Moriarty [1968, 1971] 
discussed decrease in egg production and ascribed it to decreased f eeding 
activity as well as sublethal effects · on the treated insects. However, 
Paropsis beetles surviving the larval treatments f ed well, as was evident 
from the copious excretion and the rapidity with which the l eaves in the 
bag were eaten. 
4.7.4 Fertility of Eggs and Survival of Larvae 
from Adults Surviving from Treated Larvae 
Eggs laid by such females from treated larvae hatched into normal 
larvae which developed into apparently normal adults. Therefore 
fenitrothion and aminocarb applied to larvae of second and fourth instars 
only affected the fecundity of surviving Paropsis females. 
4.8 EFFECT ON PARASITE EMERGENCE AFTER AMINOCARB APPLICATION 
The relative toxicity of different low doses- to f ourth inst ar 
Paropsis larvae and their parasites was explored. Rand om f i e ld samp ling 
of fourth instar Paropsis larvae was conducted in March to Apri l, 1972. 
This period of summer is reported to be usually suitabl e for natural 
parasitisation [Carne 1966a], but subject to favour able weather and 
population dynamics of both parasite and pest. A group of 20 larvae was 
placed in each jar for topical treatment with each formul ation a long with 
young leaves on filter paper discs, with five r eplicate jars for each 
insecticide concentration. A total of 700 l arvae was us ed for each trial 
with six insecticide concentrations and a control. The expe r iment was 
repeated five times in all using 3500 l arvae. Aft er t opica l treat ment 
I. 
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the treated larvae were maintained at 24 · °C 2.nd observ ations 
taken every 24 hours on the emergen ce of parasites a long with counting of 
dead larvae due to parasitisation and chemical applicati on. Death due to 
combined effects of parasitism and insecticide was determined. As 
the larvae were collected fr om na tura l popu l at i ons pr esumab l y many of 
them were already parasit is ed and go i ng to d i e anyway; the chemica l 
therefore only speeded death. Larae dyi ng due t o chemical effects wer e 
easily recognisable from the ki ll of par asitism . The mean per cent 
values for the emergence of di ffe rent paras i tes ar e high and comparable 
wi t h cont r ol values (Table 4.1 4), indicating t ha t l ow doses f or 
Paropsis larvae , while affecting thes e l ar vae do not affect the parasit es. 
Treatments 
ng/g 
body wt. 
0 
20 
63 
200 
630 
2000 
6300 
TABLE 4.24 
Aminocarb appli ed to fourth ins tar larvae 
and its effect on parasite emergence. 
Mean Parasitisation 
% 
Diptera Hymenoptera 
5.6 
8.8 
4.8 
5.2 
6.4 
6.6 
6.8 
3.8 
3.0 
3.6 
4.0 
4.0 
4.4 
2.8 
Mortality 
for 
Parasitism 
% 
9.4 
11.8 
8.4 
9.2 
10.4 
11.0 
9.6 
Mortality 
after 
Aminocarb 
% 
3.2 
12.8 
19.6 
22.4 
31.6 
38.0 
61.6 
Total 
Morta lity 
% 
12 .6 
24 .6 
28 .0 
31.6 
42.0 
49.0 
71.2 
That 61.6% of the larvae could be killed by 6300 ng/g of aminocarb, 
leaving a further 9.6% to be killed by a level of par asitisation equal to 
that of controls, indicat es the value of looki ng_more thor oughly at 
low doses of chemicals as a means of atta cking pests without 
disturbing other components of the ecosystem more t han necessary , paving 
the way for pest management under int egr ated pes t cont r o l pr ogrammes. 
The 71.2 % of combined mortality achi eved is comparable for morta l i ty 
often obtained after insecticidal application of usua l concentrations in 
the field, with the additiona l advant age of conser ving in s ect paras ites 
and predators. It may well be advant ageous to investigat e the 
insecticide tolerance of beneficial ins ect s , espec i a lly in rel ati on to 
their life cycle. This work i mp l ies t hat endoparasit i c l arvae arc more 
resistant to ch emical s appli ed to the host. 1 t \·jould have been de s i r ab l e 
to have examined t he lip i d on t e ,t of t he cndoparus .i tic l ar vae in treated 
host larvae to see if reduction had occurred in the endoparasites . 
However such a study was outside the scope and time available for this 
study and was not pursued. 
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A pes t population is regulated .by various parasites, predators~ 
diseases and many other biological and physical factors, but natural 
enemies of a pest are killed by pesticides, thus intensifying the 
existing problems and creating ne\ ones. An integrated control programme 
applies minimum chemi cal control for as short a time as possible, thus 
reducing the contact of chemicals with natural enemies . 1y work, 
described in this thesis, indicates how low doses of insecticides may 
prove of value. 
4 . 9 DISCUSSIO 
1: 4.9.1 
I. 
The ovicidal action of fenitrothion and aminocarb has been little 
explored previously. Treatments of both compounds suppressed the 
hatchability of Paropsis eggs, depending on the ovicide concentrations, 
and to some extent age and batch difference of eggs. Hassanein and Zaki 
[1958], Samy [1964] and Hartman [1972] have emphasised the age difference 
for ovicidal action against the eggs of various insect species. After 
treatment with fenitrothion and aminocarb not only the gregarious habit 
of larvae after emergence from the Paropsis eggs was lost (Plate 2), 
but they also failed to accept the food. The degree of effectiveness 
increased with increasing insecticide concentration (Section 4.2.1). 
Fenitrothion showed stronger ovicidal action than aminocarb (Tables 4.1 -
4.2), in agreement with the findings of earlier workers [Swenson et al . 
1969, Mitri and Kamel 1970 and Walker and Bowers 1970]. Carbamates are 
known to be generally poor in ovicidal action [Hassanein and Zaki 1958, 
Dittrich 1962, Bartlett 1964, Smith and Salkeld 1966 and Mitri and 
Kamel 1970]. Despite embryonic development , larvae from the treated eggs 
failed to emerge, similar to the observations made by Cline et al. [1969] 
about mosquito eggs after treat raent with some ovicides. \~1 ile my study of 
the ovicidal action of fenitrothion and aminocarb indicated that low 
concentrations may kill the developing embryo, a delayed toxic effect was 
also evident in newly emerged l arvae. This was more pronounced for 
fenitrothion at dosages of 2 - 200 ppm, while for aminocarb this effect 
was ob served at 62.5 and 200 ppm . Similar results were recorded for other 
species by Akbar and Khan [19 64 ] and Chauthani and Adkisson [1966]. Late 
toxicity was considered~ good qualit y o an ovicide by Smith a cl Peace 
r 1 ,.... 1 ("I ] 
J... .. 1 IV • 
4.9.2 
Egg parasites of Paropsis emerged morphologica ll y normal and 
represented a l eve l of 2 - 11 % of parasitisation even after the hi gher 
treatment s of feni trothion and aminocarb . This parasiti sation l evel 
1)7 
was quite comparab le with paras itis ation of controls, (Section 2.4). The 
specific action of an ovicide in favour of parasites and predators was 
emphasised by Dittr ich [1967], allowing combined attack against a pest 
·by means of bioagents and chemicals. 
4.9.3 
Extended duration for certain stadia in some test ins ects after 
insecticide application has been recorded by Moriarty [1968] and Katiyar 
and Lemonde [1972], similar to my observation of the prolonged larva l 
duration of Paropsis [Tables 4.3-4.6]. In contrast DDT application 
l'. reduced the life duration of pink boll_ worm of cotton [Newsom 1967]. The 
prolonged duration of the larval stage may be useful in assuring a host 
resource for a longer period for various parasites. 
4.9.4 
The overall effect of treatment on the relationship of mortality, 
weight, food intake and faeces production is clearly shown in Fig. 4.1 
and 4.2, and these individual parameters are discussed in the following 
sections. Inhibition of food intake by the Paropsis larvae of second and 
fourth instars was proportionate to the dose rate of fenitrothion and 
aminocarb. This poor feeding affect larval growth. A consistent trend of 
decreasing weight with increasing dose paralleled the situation with food 
intake. Similar results with other insects were r ecorded by Anderson et al. 
[19 62 ], Bot t ger and Sparks [196 2a & b], Kuwana et al . [1968] and Lyon [1 971]. 
While feni trothion was more effective than aminoca-rb against both in stars , 
it was also more effective against fourth instar than second instar . In 
contrast aminocarb was more effective against second instar than against 
fourth instar. The larvae of each instar aft er 96 hours however showed 
'f signs of recovery from the aminocarb treatments , a characteristic feature 
of carbamates already mentioned (.Section 3 . 3 . 3) . By contras t, Luck ey [196 8] 
observed increased growth in Acheta domestica (L . ) due to very low doses 
of Perthane , toxaphene , Aramite and DDT. 
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4.9.5 
Reduc ed food intake and larval growth was reflected in fi gures for 
faecal pell et production. The extent to which histological changes were 
responsible for the results achieved is not conclusive, although a 
dose rate of 6300 ng/g of fenitrothion or aminocarb caused histologica l 
changes (Tab le 5.1) in the gut of treated larvae . It resulted in 
diarrhoe a , producing semi-solid or liquid faeces. Similar changes were 
also observed by Benz [19631, Saxena and Srivas tava [196 8 , 1969a & ·b]. 
Severe water loss from the body of treated larvae also occurred, an 
effect also reported by Brown· [1963] after chemical application. These 
effects on food inhibition, depressing growth, increase in body water 
loss , abnormal excretion and histological or morphological disruption 
were the collective result of treatments with low doses of insecticides. 
Similar effects have been report ed by Lyon [197 1] and Sun and Johnson 
[1972] . 
4 . 9 . 6 
Whilst Pa:ropsis females surv1v1ng the treatment of each insecticide 
mostly lived as long as the control (Fig . 4 . 3), they laid fewer eggs. 
Aminocarb reduced egg production more than fenitrothion and 1n some 
cases no mating or egg laying was recorded . My observation on reduced 
egg laying is in agreement with results of Kiyoku and Tamaki [1959], 
Newsom [1967] and Moriarty [1968, 1971]. Reduced feeding and depress ed 
growth at the larval stage and the resulting effect on the fat body 
may be the cause of low fecundity of Paropsis females. Similar results 
are reported for other species by Nagasawa [1959], Moriarty [1968, 19 71 ] 
and Katiyar and Lemonde [1 972 ]. Fertility of eggs l aid by Paropsis 
females reared through from the surviving treated larvae was not affected . 
Unchanged fertility has been noted for other species by 1acCuaig and 
Watts [1965], Georghiou [1965 ] and Grosch and Val covic [1967]. Some 
\vorkers, on the other hand, have reported increased oviposi tion rate and 
fertility after chemical treatment [Knutson 1955, Afifi and Knutson 
1956 , and Hodjat 1971]. 
4.9.7 
It 1s usually report ed that the parasites suffered deleterious 
effects to a variable de gree dependin g upon insecticide and insect species 
[\ oglum et al. 1947, Tamashiro and Sherman 1955, Wilson 1960 , Hassanein 
et al . 1968 and Bedford 1973] . Abdel-Rahman [1973] stated that use of 
malathion 1n an int egrated control progran@e with parasites against 
red scale (Ilomoptera) was not recommended. 1y results on the effect s 
of aminocarb app lication a t low doses to parasi ti sed l arv ae of Parop is 
contras t with Abde l-Rahman' s conclusion and other ,,vorkers . Since adult 
flies of Paropsivora and other tachinids , braconids and ichneumonids 
(Mesochorus sp .) emer ged norma lly even after application at 6300 ng/ g , 
the hi ghest dose among the range. 9.6% parasitisation of Paropsis 
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larvae was achieved after host t reat men t and this was quite comparabl e 
with parasite emergence from the control. 71.2% mortality was recorded 
after combined action of both parasit es and chemical (Tab le 4.24). 
Fenitrothion seems to be safe , as Ni gam [1972] r eported that fenitrothion 
had not much effect on parasitic insect populations. 
4.9.8 Conclusion 
My findings proved that it was not obligatory to knock down or kill 
the pest by higher doses for its control. Low dosage schemes, while 
killing a good proportion of the insect pest, nevertheless reduces pest 
impact by suppressing food intake, depressing growth and disturbing the 
other life systems of Parops is. At the same time the host larvae are 
kept alive until natural parasites emerge. Consequently this approach 
makes the integration of biological and chemical control measures possible 
for this insect. In addition, the low doses reduce toxic effects on 
ecosystems . 
I. 
. 5.1 GENERAL 
CHAPTER 5 
HISTOLOGICAL EFFECTS OF 
INSECTICIDE APPLICATION 
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Certain biological activities and symptoms which developed after the 
application of aminocarb and fenitrothion led to study of histological 
changes in treated larvae. Existing literature dealing with histological 
changes following insecticide application is limited and there is 
considerab le scope for investigation in this field. My limited study of 
histopathology covered control and 6300 ng/g treatments of each insecticide 
against fourth instar only. 
5.2 PREVIOUS WORK ON HISTOLOGICAL EFFECTS OF INSECTICIDES 
Relatively few references on effects of insecticides on insect 
histology exist, but these confirm the results reported here. For 
general purpose books of Andrew [1959], Imms [1971] and Wigglesworth 
[1972] are cited . 
Pilat [1935] made an elaborate study of the action of currently 
available insecticides on the insect ·intestine, using five different 
insecticides incorporated in the food against the larvae of three 
differen t insect species. He made histological observations only on the 
changes of structures of the mid-intestine (mid-gut) and noted th at for 
all treatments disintegration and destruction of the epithelium of the 
mid-intestine occurred. This destruct i on was preceded by the exfoliation 
of the epithelium from the subad jacent connective membrane. 
Similar result s were noted together with effects on muscl es by Woke 
[1940]. 
Srivastava [1962] dealt with the effects of six insecticides 
including f-our inorganics on the gut epithelia of Leogryllus bimaculatus 
Sauss ., Periplaneta a1nericana Linn. and Gryllodes sigillatus Walk . after 
feeding them on poison mixed with food . The general effects of the 
inorganic compounds (sodium arsenit e , le ad ars enate , sodium f luosi licate 
and zinc phosphide) were similar to the earlier findings of Pilat [1 935 ] 
and Woke [1940] . The cel l margins of treat ed epithelia became 
r 
I 
I I 
I 
I 
! I 
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obliterated, brush border destroyed completely and lwnen ends of the 
cells broke into a large number of cytoplasmic globules. Bes i de s the 
irregular masses of cytoplasm and nucl ei , portions or ent ire epi thelium 
separated off from the mu s cular layers. After poisoning by chlordane , 
epi theliun1 and brush border were completely destroyed as with the 
inorganic insecticides. Benzene hexachloride (BHC) general l y di d not 
show any delet erious effects on the gut epithelium except for appearance 
of cytoplasmic globules. 
BroKn [1963], reviewing the injuries caused generally by chlorinat ed 
insecticides (DDT), phosphates (parathion) and carb amates (pyrol an and 
dimetan) noted that depletion of cytoplasmic as well as cloric reserves 
occurred as treated insects conswned their glycogen, carbohydrates and 
fat reserves prior to death. Qualitative changes were also recorded in 
lipids; affected cells showed severe vacuolation and muscular 
contraction resulted in separation of the intestinal epithelium. 
Dissolution and disappearance of certain cell bodies were also reported 
by Brown; as a result walls of the mid-gut became indistinct. Much of 
the fluid loss through the mouth, anus and other body wall took place due 
to excessive secretion and excretion by certain organs after poisoning. 
In some insects, swelling of the mid-gut epitheliwn was noticed, while no 
change occurred in others. Fading of striation in muscle fibres, loss of 
brush border of gut epithelial cells and cell walls have been observed. 
In general, water loss by regurgitation, diarrhoea and excessive 
secretion by the gut were not replaced by feeding after treatment, rather 
this loss was drawn from the reserves of the blood, causing excessive 
dehydration and death of morbid insects [Benz 1963]. 
Histopathological studies on the mid-gut epi the l ium of Periplanet a 
americana (L.) treat ed with pyrethrum reveal ed comp lete disint eg ration of 
gut epithelia as we ll as of cytoplasmic cont ents in the ce lls [Saxena and 
Saxena 1967]. Further work on pyrethrum by Saxena and Srivastava [1 968 , 
1969] suggested th at inhibition of a lk a line and acid phosphatases 
was accelerated with time and brought about the disruption of normal 
physiological functions of mid-gut and caecae by affecting chitinisation, 
development and regeneration of the epithelium and transportation of 
so lutes across the cellular memb r anes. Enhanced activity of glycogen in 
the mid-gut followed by high rate of mortality in the cockroaches 
provided another clue to th e physiological i mba lance brought about by the 
toxic action of pyrethrurn. Diarrhoea was evident aft er pyrcthrum 
treatment and resultant loss of water and f a ilur~ of r ect a l g lands to 
recover water los s caus ed dehydration and weight loss of treat ed insect s . 
5.3 TECH IQUE FOR HISTOLOGICAL STUDY ON PAROPSI S LARVAE 
5.3.1 Storage of Larvae 
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Second and fourth instar l arvae of Paropsis which died aft er top i cal 
·application of both insecticides, were stored or preserved in a freezer 
(-18°C), so that th ey could be us ed either for lipid extraction or 
histological work. Similarly control larvae were preserved at the s ame 
time. 
5.3.2 Procedure for Serial Sectioning 
The work of Carleton and Drury [1957] was followed in the present 
J: study of histology but after some modification. 
After taking larvae out of the freezer, their legs were cut off to 
allow penetration of reagents and to facilitate serial section cutting. 
Specimens were fixed in Carney's fluid overnight, then dehydrated in 
three changes of absolute ethanol, each of 12 hours. Specimens were 
t ransferred to 1% celloidin solution in ethyl acetate for 12 hours, then 
cleared in three changes of xylene for 6 hours each. This was followed 
by.infiltration of the specimens with hard paraffin wax at a temperature 
of 58 °C for 12 hours, during which time the molten wax was changed ever y 
4 hours. 
After infiltration the specimens were placed in plas tic moulds 
containing molten wax which was allowed to cool and solidi fy . Thi s 
moulded mat er i a l was cut caref ully int o small blocks to avoid any damage 
to embedded specimens, which wer e mount ed over a :rotary mi crotome for 
cutting t he seria l sections. 
5.3.3 Prepar ation of Sections 
Transver se s er ial sect ions 7 µ th i ck wer e cut on a r otary microtome. 
Ribb ons of sections were ini tially al i gned on co l d water, then transferred 
to hot wat e-r (52 °C) to f acil i tat e f l attening and co ll ection on lab el led 
s lides . The slides mounted with secti ons were he ld for 1 hour at 60 °C 
i n an oven to ensure attachment of the sections on sl i des . 
1 
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Sections were coated with celloidin (0.5%), stained wi th 
haematoxylin (Mayer's acid) and eosin (1% alcoholic), and finally 
mounted in Gurr's neutral Canada balsam, after passing through different 
grades of ab s olute ethanol, acid ethanol and xylene . 
5.4 HISTOP THOLOGICAL OBSERVATIONS ON SERIAL SECTIONS 
OF FOURTH I STAR PAROPSIS LARVAE AFTER TREATMENT 
WITH FE ITROTIIION AND AMINOCARB 
Serial sections on about 300 slides were examined, r epresenting 
about 100 slides and 900 sect.ions for each treatment (6300 ng/g aminoc arb 
and fenitrothion) and control. The results from fourth instar larvae 
only are discussed. The highest concentration (6300 ng/g) for each 
insecticide was selected for this study to ensure clear effects . These 
were evident in muscle tissue, gut and fat body (Table 5.1, Plates 5 - 8). 
For normal cellular structures, Chapm~n [1969] was f oll owed and then 
comparison was made to changes from the control condition that occurred 
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in the internal structures after treatment with fenitrothion and aminocarb. 
Magnification for all plates given in the following text is about x 1600. 
Pilat [1935], Woke [1940], Srivastava [1962], Brown (1963], have 
reported the disintegration of cellular structures, although they used 
quite different insecticides at much higher concentrations against 
various species of insects. Most authors noted altered mid- gut structure , 
while omitting reference to the muscles and fat body and their development 
after insecticidal application. 
5.5 LIPID EXTRACTION AND ESTIMATION 
In view of the role played by the fat body in insect me t abol ism 
[Gilber t, 1967, Ch apman 1969, and Imms 1971] estimation was att empted of 
lipid cont ent of the larvae of P. atomar ia to see the fa t e of t he fat 
body in terms of weight a f ter treatment with f enitrothion and aminocarb. 
Larvae us ed 1n tl1 i s experiment were actually tho s e which died during 
exper iment s on s urviva l, fe eding and l arval growth. They were stored 1n 
a freezer (- 18 °C) unti l required . For l ip id estimation the ,vorks of 
Folch et al . [195 7], Amenta [1964 ] and Hammars t rand [1966] were follmvccl 
but th ei r t echn iques were f ound unsuit ab l e because of serious interference 
f r om chlor ophyll pigmentation (S ection 5.10). St andardisat i on of the 
technique of lipid estimat i on of phytophagous insects ,vas i ni t ia l ly 
carried out under the supervision of Dr A. R. Gilby and Mr J . \V . ,1ackeller 
Structures 
1. Muscles 
2. Fat Body 
3. Fore-gut 
4. Mid-gut 
s. Hind- gut 
TABLE 5.1 
Effects of insecticides on cellular structures. 
Control 
Muscles intact, vacuolated with no sign 
of disintegration (Plate Sa). 
, Conspicuously compact bundles with 
sarcoplasmic reticulum striation and 
nuclei present. 
Both parietal and visceral layers of 
fat body present, generally distributed 
well around the skeletal and visceral 
locations (Plate Sa). 
Fore-gut epithelium and other 
structures were intact and normal. 
Basement membrane very conspicuous. 
Tall columnar cells with distinct 
uniserial form with continuous 
ciliation (microvilli) and peritrophic 
membrane. Basement membrane with other 
musculature complete (Plate 7a). 
Normal. 
Fenitrothion (6300ng/g) 
Different forms of cracking evident 
(Plates Sb and -6a & b). Lack of striation, 
loss of natural vacuoles due to 
contraction after stress (chemical) and 
enlargement of nuclei recorded. 
Sarcoplasmic reticulum enlarged and 
faded. Poor development of muscles 
noticeable. Separation of myomeres 
evident (Plate Sb). 
In most of the sections, both layers of 
fat body less developed. 
As for Control. 
Columnar cell disruption quite 
discernible with epithelium separated 
from the basement membrane. Numerous 
globular bodies erupted as a result of 
chemical treatment. Exfoliation of 
cells followed by loss of ciliation 
recorded (Plate 7b). 
Unaffected. 
Aminocarb (6300ng/g) 
Similar to fenitrothion. Disintegration 
and cracking of muscles recorded, but to 
a lesser extent. Vacuoles absent and 
muscles generally less developed than in 
the control. 
Depletion of fat body occurred and 
distribution reduced. Disruption of fat 
body evident. 
Epithelial structure of fore-gut after 
treatment were disrupted from basement 
membrane and incorporated with gut 
contents which remained undigested. 
Muscular layer of basement membrane 
reduced. 
Complete separation and disruption of 
epithelial cells occurred and 
incorporation with mid-gut contents 
evident. Undigested contents visible 
after the action of aminocarb (Plate 8a). 
Anteriorly, cell structures were 
affected, but posteriorly ileum and 
rectal epithelial cells were found 
intact. Undigested food particle were 
recorded (Plate Sb) because anterior gut 
segments badly affected after aminocarb 
treatment. 
I-' 
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Plate Sa: 
Plate Sb: 
instar 
Muscles of control fourth instar larvae of P. atoma:ria 
X 1600. 
Separation of myorneres after treatment of fourth 
larvae with fenitrothion at 6300ng/g. x 1600. 
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Plate 6a: Break-up of muscles of fourth instar larvae after 
treatment of fourth instar larvae with fenitrothion at 
6300 ng/g. Magnification x 1600. 
Plate 6b: Further example of muscle disintegration. 
Magnification x 1600. 
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Plate 7a: Mid-gut of control fourth instar larva of P. atomaria. 
Note intact basement membrane, cells, brush border and peritrophic 
membrane. 
Plate 7b: Destruction of mid-gut structure following topical 
application of fenitrothion at 6300 ng/g to fourth -
instar larvae. Magnification as for 6a. 
I. 
Plate Sa: Disintegration of mid-gut cells of fourth instar 
larva followi:ng topical application of 6300 ng/g 
aminocarb. Cells have broken away from basement membrane 
(top of picture) and are incorporated with undigested 
gut contents. Magnification as for plate 6. 
Plate Sb: Hind-gut of fourth instar larvae containing 
undigested food particles after topical application of 
6300 ng/g aminocarb. 
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at the Division of Entomology, CSIRO, Canberra . Later I did fat 
estimation of Paropsis larvae independently in the Department of 
Forestry, A .. U. 
5 . 6 PREVIOUS WORK O LIPID EXTRACTION AND ESTIMATION 
Of the references available on qualitative or quantitative 
techniques of lipid extraction, estimation and purification of animal 
tissues, few have specialised on insect tissue and even fewer on 
phytophagous insects . The more important works on insect lipid include : 
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Siakotos and Zoller (1960], Gilby and McKellar (1970], Moore and Taft 
(1970]. Fast (1964] and Gilby (1965] have reviewed lipids of different 
insect species. Of specialised works, Andrews and Miskus (1972] examined 
the impact of lipids on insect growth; Carter et al . [1972] studied the 
effect of food on insect lipid (qualitative and quantitative); Phelps 
(1973] followed the effect of temper&ture on fat consumption by insects, 
and Moore and Taft [1971] advocated differences in fatty acids as 
possible factors for insect tolerance to insecticides . 
Qualitative and quantitative changes of fat in the entire life 
cycle of the oak silk worm, Antheraea pernyi G. indicated that some fats 
remained constant at all stages but there was difference between the 
sexes in fat quantity and quality . This difference was retained after 
metamorphosis (Demyanovsky and Zubova 1966] . 
Nakatsugawa and Dahm [1962] studied the role of fat body in 
comparison to ma l pighian tubules in connection with ac tivation and 
degradation of azinphos- methyl by Periplaneta americana (L.). They found 
that although only secondary in specific ac tion in inactivating insecticide, 
fat body ti ssue might have greates t absolute capacity for de activation 
of insecticides within th e insect, as cockroach yielded about 60 mg of 
fat body tissue. The Malpighian tubul es which were of primary activity 
for deactivation of insecticide only we i ghed 5 mg and so t he fat body 
is rel ative ly more effective. 
A correlation between lipid cont en t and per C'ent morta lity was 
developed b' B-.;11n12 an T1omas [19 63] after topi al .:i.pplicatio 1 of 
heptachlor and malathion again~t alfalfa-weevil, Hypera postica (Gyll . ) . 
As the age of the weevi l and pe·Tcent age of fat increased, the percentage 
mortality decreased for heptachlor, mus t l ess so for malathion . They 
conc luded that low lipid content was the basic reason f or s uccessful 
contro after treatment . 
li 
1,, 
I~ 
Brown (1963] r eport ed that ins ects poison ed with DDT, par athion, 
etc. consumed most of their f a t r es erv e prior to death and qua litative 
changes in lipids have also been det ected. Nucl e i of fat body cell s 
were affected after poisoning . With the utilisation of f at body , 
increase in toxicity of insecticide was recorded. 
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The role of lipids in af f ecting inse cticide act ion was r eviewed by 
Fast (1 964]. Quality and quantity of lipids are involved in sus cepti-
bility, toxicity and resistance of ini ec t s du~ to solubility of insecti-
cides in lipids, leading to selective penetration and accumulation in 
the nervous system. In. view of age and stage, susceptibility wa s greatly 
influenced by increased fat contents in the older larvae. Fast stated 
in his review that Anthonomus grandis survived di e ldrin be cause of 
higher fat content. Similarly he observed that phospholipids pl ayed a 
role in the insect resistance mechanism as DDT-resistant house flies 
contained 12 - 21% more total lipids than a susceptible strain. 
These findings were confirmed when Moore et al. [1967] determined 
the fatty acids in total lipids after treating the boll weevil Anthonomus 
grandis with toxaphene or its mixture with DDT and carbaryl or azinphos-
methyl. Surviving weevils had higher levels of palmitic and oleic acid 
(saturated) but lower levels of stearic , linoleic and linolenic acids. 
In contrast high percentages of stearic, linoleic and linolenic acids 
(unsaturated) were associated with dead weevils. It was interesting to 
note that fatty acid composition of surviving treated weevils resembl ed 
that of untreat ed control weevils, while the composition of dead weevil s 
after treat ment was quite different from both control and surviv i ng 
treat ed ones . They concluded that lipids we r e an i mportant fact or 
influencing the solubility of ins ecticides thus i ncreasing the toxicity . 
Latent t oxicity was corre l at ed by Moriarty [1968 ] to insect moults. 
Thi s was taken usua l ly as t he time of starvation when lipid reserves were 
mobil ised , thus releas i ng th e fat solub l e insecticide accumulation that 
ultimately resulted in de l aye d death at mo ulting of insects treated 
ear l ier with DDT and di e l drin. 
Histopathol ogy and histochemistry of Pe1/)iplaneta americana (L . ) 
treated with pyrethrum revealed that pyrethru~ reduced the ph ospholipids 
of the m· d-gut and also induced several physiologica l disorders mainly 
due to t he fai l ure of energy reserves [Saxena and Srivastava 1969a & b J. 
/. 
/, 
A dieldrin resistance study in European chafer grubs Amphimallon 
majalis (Razo) by Kuhr et al. [1972] revealed that fat body tissue, with 
increasing amounts of dieldrin, did not show any gross difference in 
absorption between resistant and susceptible strains: total lipid 
content of resistant and susceptible strains were identical, but 
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chemistry and types of lipids could be an important factor, because 
approximately twice as much palmitic and oleic acids were present in grubs 
resistant to dieldrin than in those susceptible to dieldrin. 
The amount of phospholipids in surviving and dead individuals of a 
laboratory strain of toll weevils Anthonomus gra:ndis Boheman did not 
differ significantly but dead weevils of a field strain contained more 
phospholipids than survivors . On the other hand, dead weevils of each 
strain had less triglycerides than the survivors [Moore and Taft 1972]. 
5 . 7 METHOD FOR ESTIMATION OF LIPID CONTENT 
OF PAROPSIS LARVAE 
A small vial with stopper was weighed on a Unimatic balance. Fifteen 
Paropsis larvae from an insecticide treatment were cut into small pieces 
and placed in the weighed vial, which was re-weighed. Weighed larvae 
were transferred into a small homogeniser made of special hard glass 
[Brendler 1951] , followed by at least three washes with chloroform-
methanol (2:1 v/v) of the vial, stopper and scissors used for weighing. 
The wash mixture was then added to the homog·eniser. 20 ml of chloroform-
methanol solvent was used for each gram of tissue . Continuous homogeni-
sation of the insect tissue was done by hand, always wearing disposab l e 
plastic gloves to avoid contamination of the experimental materials. 
Frequent washes of this homogenate were poured out of the homogeniser 
into a SO ml conical flask properly stoppered. When the homogenising 
process (3 - S cycl es depending on the instar) was over, the remaining 
homogenate was transferred to the flask after giving three thorough 
washings with solvent to the homogeniser and pestle. Frequent shal' ing 
of the homogenate i s necessary and two hours are required for complete 
dissolving of the lipids at room temperature. 
The extract was filtered through a sintered glass funnel into a 
50 ml graduated cylinder; after filtration at least three washes ,~ere 
given to the conical flask and funnel using the chloroform-methanol 
solvent. Saline solution of sodium chloride (0 . 9%) was added to the 
extract equivalent to one-fifth of the total volume of the extract . The 
mixture was shaken vigorously 1n the cylinder after stoppering it 
tightly, and l eft to settle either overni ght or at least for 2 - 3 hours 
at room temperature. I t separated into t wo pha ses, a clear upp er water-
methanol-salt phase and a lower yellow chloroform-lipid phase . The 
upper phase was discarded very carefully with the help of a Pasteur 
pipette, taking care that only the yellow lipid phase was l eft in the 
gr aduat ed cylinder. After weighing a round bottom flask wi th s topper, 
the lipid extract was transferred into it and · the cylinder washed · 
thoroughly with the chloroform-methanol sol vent which was added to the 
round bottom flask containing the extract. 
A rotary evaporator was used to remove the solvent, taking care to 
avoid froth formation. After drying to constant wei ght, the flask was 
weighed and the weight of lipid obtained by subtracting the weight of 
the empty flask. 
Lipid content of larvae was then calculated on a fresh weight basis 
(Tables 5.2 - 5.5) . Lipid estimation was done only for the lowest and 
highest insecticide concentrations , i . e. 20 ng/g and 6300 ng/g body 
weight for both the instars and insecticides. 
5.8 EFFECT OF FENITROTHION ON LARVAL LIPIDS 
Within the limited scope of the experiment, there i s not much 
difference between the control and 20 ng/g dose after fenitrothion 
application to second instar larvae, with maximum effective reduction 
in l ipid to 71.4% of the control, but in other cases an increase up to 
128.6% was observed. Net reduction was only 3.5% 1n lipid recovery ov er 
controls . At 6300 ng/g lipid content ranged from 56 - 98 % of that of 
control, with an average reduction of 27 .7% as compared to the control, 
showing marked eff ect of h i gher dosage (6300 ng/g) on the f at body 
(Table 5.2). 
In the case of fourth instar l arvae, response was again vari ab le at 
132 
20 ng/g, with lipid content ranging from 65 to 109% of that of the con t rol, 
with an aver ag e r eduction 16% in lipid recovery . After app licat i on of 
6300 ng/g l ipid r covery was consistent l y r ed uced, r anging from 60 to 
85% of th r ecover y f or controls, with an average r educt ion of 3J .5% 
(Table 5.3) . ' 
Sample No . 
1 
2 
3 
4 
5 
6 
Average 
95% Confidence 
I 
l Limits 
Reduction % 
over Control 
Sample No . 
1 
2 
3 
4 
5 
6 
' 
Average 
95% Confidence 
Limi ts 
I., Reduction % 
over Control 
I. 
TABLE 5.2 
Lipid estimation after feni trothi on 
application to second ins t ar l arvae . 
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Dosages 
*** 
*** 
Control 20 ng/g 
Per cent Per Cent % Control 
3.95 2.82 71.4 
3.29 4.23 128.6 
3.30 3.59 108.8 
3.38 3.55 101.4 
3.50 3.55 87.6 
3.61 3.18 88.0 
3.50 3.38 
3.24 - 3. 77 2.99 - 3.98 
0.00 3.45 
P > 0.001 
TABLE 5.3 
Lipid estimation after fenitrothion 
application to fourth instar larvae. 
6300 ng/ g 
Per cent % Control 
2.20 55. 7 
3.21 97. 6 
2.15 65.2 
2.28 65.1 
2 .69 76.6 
2.68 74. 2 
2.53 
*** 2.11-2.96 
27.72 
Dosages 
Control 20 ng/ g 6300 ng/g 
Per cent Per cent % Control Per cent % Control 
6.95 7. 20 _ 103. 6 4.47 64.3 
7.41 4 .1 8 56 . 4 4 . 55 61.4 
5.16 5.62 108. 9 3.93 76.2 
6.64 5.68 85.5 5.61 84.5 
7.50 4.90 65.3 4 . 49 59.5 
6.89 6. 40 92 . 9 4 . 73 68.6 
6 . 76 5.67 4 . 63 
*-J..·* 
5.87-7.65 4.54-6.78 4.05-5.21 
0.00 16 .1 2 31.51 
p > 0.001 
5. EFFECT OF AMINOCARB ON LARVAL LIPIDS 
1 ~ .1 J, 
Aminocarb proved equally effective at20 ng/g and at6300 ng/g on both 
3econd and fourth instar l arvae in reducing the lipid contents (Tables 5.4 
1nd 5 . 5) . Second instar larvae treated with20 ng/g aminocarb were as 
severely affected as l arvae treated witl 6300ng/g fenitrothion (22 .82 as 
against 27.72 % respectively), and second instar larvae thus appear more 
susceptib le to "minocarb . On the other hand , fourth instar larvae were 
1 uch less aff ected by aminocarb (8 - 8. 9%) t han by fenitrothi on 
(16.1- 31 .5%) (see Tables 5 . 3 and 5.5). 
TABLE 5.4 
Lipid estimation after aminocarb 
application to second instar larvae. 
Control 20 ng/ g Dosages 6300 ng/g 
Samp le No. 
1 
2 
"1 
.) 
4 
5 
6 
Average 
95 96 Confidence 
Limits 
Reduction % 
over Control 
Per cent 
2.71 
3.61 
3.42 
3.72 
2.55 
3.16 
3.20 
2.69-3.70 
* 
** 
0.00 
P > 0.05 
P > 0.01 
Per cent % Control Per cent % Control 
2.47 91.1 2.64 97.4 
2.72 75.3 2.02 56.0 
2.05 59.9 2.78 81.3 
2.43 65.3 2.14 57.5 
2.91 114.1 1.89 74.1 
2.24 70.9 2.71 85.8 
2.47 2.38 
* ** 2.14-2.80 1.95 - 2. 77 
22.82 25.60 
Moriarty [196 8] showed reduction in larval l ipids after insecticide 
treatment, although he used different insects and chemicals. 
5.10 CHRO 1ATOGRAPHIC ESTIMATIO~ OF LIPIDS 
A thin layer chromatography technique was attempted for l ipid 
estimation, but was unsuccessful due to the presence of chlorophyll 1n the 
lipid extracts, which caused interference with absorption charact eristics. 
An attempt to remove the chlorophyll by bleaching and drying in infra-red 
light was successful in one instance, but the t echnique was abandoned 
because of the time needed to standardise a successful technique. 
,. 
t I 
Sample No. 
1 
2 
3 
4 
5 
6 
Average 
95% Confidence 
Limits 
Reduction % 
over Control 
TABLE 5. 5 
Li pid es t i mat ion aft er aminoc arb app l i cation 
to f our t h ins t ar l ar vae . 
Control 20 ng/ g Dos age 6300 
Per cent Per cent go Control Per cent 
6.32 5.98 94 . 6 6 . 07 
7.09 5.35 75.5 6 . 98 
7.74 6.46 83 . 5 4 . 58 
6. 70 5.27 11 9 . 3 6 .1 6 
6 . 70 5.27 78. 7 6.66 
5 . 83 6 . 50 111.S 5 . 16 
6.51 5.99 5.93 
5. 60 - 7 . 41 5. 40 - 6. 58 4.98 - 6. 89 
0.00 8.00 8 .9 1 
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ng/g 
~ 
.o Cont r o l 
96.0 
98 .4 
59 .2 
115 . 1 
99.4 
88 .5 
Reduction at each treatment not significantly different from control. 
5 .11 DISCUSSION 
5.11.1 
Cracking and shrinking of muscles of treated Par opsis larvae was 
noticed. Similar cracking in other species was observed by Woke [1940] 
and Brown [1963]. Woke further observed diminution and obliteration of 
muscle striation. 
~~ ile autolysis after death and sectioning may cause this type of 
damage, I consider these were unlikely causes 1n my work: except for 
insecticide treatment differences, all other conditi ons of handling the 
dead larvae from controls and treatments were the same, including 
preservat ion and preparation for s erial s ections, st aining and mounting . 
Differences were quite apparent b e t ween musc l es of contro l l ar vae and 
those f r om treated larvae. The possibility of effe ct s due to autol ys i s 
and arti facts cannot be comp l e tely rul ed out i n view of the h i s t o l og i ca l 
study carr ied out under artificial conditions. But in my experiments t he 
sever e damag e to mu scles appears to b e due to eff ects induced by 
f en i tro· h ion and aminocarb . The breakdown of the mu scles exp l a in s ome of 
th e morbidity and inactivity of treat ed larv ae wh ich were observed 
folloKing the treatment. 
I 
I' 
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5.11.2 
Ilypersensi ti vi ty, loss . of gregari ous habit of treated l arvae 
followed by incoordination of body' appendages and then body paralysis 
1n general indicated effects on the nervous system. Similar effects of 
organophosphat es and other insecticides on nervous systems has been 
describ ed by O'Brien [1960, 1967]. 
5 .11. 3 
Disintegration of cel lular structures of the digestive sys t em 
affected the digestion, absorption, secretory and excretory functions 
which are evident from reduced food intake, loss of body weight, copious 
water loss from the body and diarrhoea respectively. The undi gested 
food particles were located in Paropsis hind gut after aminocarb 
treatment, providing further evidence that food was not properly 
digested due to upset of gut regions . _ Diarrhoea and water loss from the 
body suggest that the alimentary canal, malpighian tubules and rectal 
glands did not work properly. Besides these abnormalities, disturb ance 
in the digestive tract is reported to affect the enzymes [O'Brien 1960, 
1967]. The role of enzymes needs no emphasis for detoxification 
[O' Brien 1960] and interference with them is likely to increase the 
susceptibility of treated Paropsis larvae, particular]y to higher dos es 
of fenitrothion and aminocarb. The destruction of cellular structures 
es~ecially of mid- gut was also recorded by Pilat [1935], Woke [1940], 
Srivastava [1962] and Saxena and Saxena [1967]. 
5.11. 4 
Some insecticides have been reported not to affect some gut regions 
[Woke 1940 , Srivastava 1962]. In my experiments, fore and hind guts 
remained relatively unaffected by fenitrothion but aminocarb caused 
severe disruption in all the gut regions . Nuclei were not obviously 
affected by the treatments of fenitrothion and aminocarb , a result also 
noted by Srivastava [1962] and Pilat [1935] . 
5.11.5 
The lipid in Pa1-iopsis larvae was significantly reduced by 27. 7% and 
31 . 5% after the application of fenitrothion at 6300 ng/g. The depletine 
effect in lipid was similarly evident after aminocarb application to the 
second instar . This reduction in Jipid may have been due to poor food 
intake as a result of insecticide action and the treated larvae had to 
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draw upon gl ycogen reserves in the fat body. Similar effects have been 
reported by Benz [1963] and Brown [1963] on fat and glycogen reserve 
and its deficiency could not be made up after chemical stress. Higher 
dos es of both insecticides badly affected the fat recovery and th is loss 
of fat reserve may be one of the main causes of death of many larvae 
treated with low doses , rather than a direct nervous system action after 
insecticide application. This reduced fat body in survivors may also 
account for reduced fecundity of females recorded in Section 4 . 7.3. 
5.11.6 
The impression gained is that at low doses; primary action on the 
nervous system may kill fewer larvae then induced secondary effects, 
including gut breakdown and starvation. This led to immobilisation and 
ut.ilisation of fat reserves fol lowing the muscle deterioration. 
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CHAPTER 6 
GENERAL DISCUSSION 
6.1 INTEGRATED CONTROL AND FIELD I MP LICATIONS 
6.1.1 Introduction 
Integrated programmes for controlling insect pests are gaJ_ning 
interest, as the large scale app lications of modern insecticides have 
resulted in insect resistance, unexpected pest outbreaks and toxic 
effects against pollinators, parasites, predators and fish, in addition 
to deleterious effects on ecosys tems in general. 
The effectiveness of control measures has usually been judged on 
the basis of insect 'knock-down ' or kill by relatively large doses of 
insecticide. The findings described in this thesis indicate that 
different criter i a could be adopted. My investigations, although under 
controlled conditions, indicate the impact of insect pest can be 
checked by much lower dose rates than are currently employed resulting 
in much reduced deleterious effects on the ecosystem. 
6.1.2 Prerequisites 
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Prior to developing integrated control measures , a lo t more work is 
required to understand the complex ecological factors where the programme 
is t o be applied. Numerical assessment of pest populations followed by 
study of other ecological and biological aspects such as parasites, 
predators and plant environments [Nicholson 1954; Van den Bosch and Stern 
1962 and Adkisson 1972 ] are essential before the application of any 
laboratory findings. Density-dependent relationships re~eal whether 
field populations of parasites and predators of a pest are sufficient 
themselves to cope with an outbreak under most environmental conditions 
or need to be supplemented by insecticides . 
-
Application of my laboratory results to field conditions may lead 
to different problems . The various low dosages tested in the laboratory 
probably would not give adequate t reatment of al l larvae in the field but 
may need increasing by a considerable factor . However such an increase 
should sti ll keep the appli ed concentration well be low tho s e currently 
us ed in the field . Initially extensive monitoring of results would be 
essential to check that doses app li ed were h aving the desired effects on 
larvae and little or no effect on parasttes and predators. 
In fact it is not easy to determine the absolute amount of each 
ins ecticide received by any s t age of Par opsis und er the uncontrolled 
conditions of the fie ld, and it is like l y that even with today's field 
application rates a proportion of the targe t insects will r eceive a much 
lower dose than intended. Application of much lower doses, as I propose 
could in fact result in some larvae receiving too low a do se . 
Time allowance then must be considered for assessing the results 
1n the field, otherwise observations after short intervals may not give 
a true picture for such low dosages of insecticides . 
6 . 1 . 3 Integrated control of Paropsis 
With these points in mind, a model for integrated control 1s 
presented based on l ab orat ory results (Fig. 6.1). 
The success of various control measures in the field may vary due 
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to interruption by many biological and physical complexes. The pot ential 
efficiency of my approach for integrated programmes may be judged from 
the work that integration of ins ecticides and bioagent control for 
eggs and larvae alone achieved ab out . 90% control in my observations. 
Interference of insecticide sprays with these bioagents, particularly 
at hi gher dose rates, should be avoided to allow the natural enemies to 
act first . Ther e is ample chance of making the bioagents succes sfu l f or 
suppressing the pest populations. Nicholson [19~4] has emphas i sed t he 
undesirability of imposing artificial control before any natur a l control 
has the opportunity to take effect . In work on Spruce bud wo r m in 
Canada, 1orr is and Miller [195 4 ], reworked data from their t ab l es, s howed 
99. 7% tot al mor tality through various killing agents of which DDT produced 
only 0.38% of the tota l popul ation mortality . Mac lel! an [1 972 ] has a l so 
repor c<l that in most years acceptable economic control by naturCLl agents 
was obtained i n the untreated or chards i n Canada . 
In the light of past and present exper ience , b a lance bet ween natural 
control s and pesticide appl ications ca ll s f or kn ow l edge of l ikely 
development of pes t populat i ons , as us ed , for exampl e , fo r spruce bud 
worm by the Canadian Fores t Insect and Disease Survey. Th is approach 
FIG. 6.1: A BASIC SCHEtvlJ\TIC MODE L 
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applied for Paropsis adults, which begin to come out late in October 
and become quite active by middle of November, a llows prediction of the 
l ikely severity of Paropsis infestation. E~rly-s eason monitoring of 
parasites and predators and their likely effectiveness should allow 
early judgement whether or not pesticide should be applied. 
Immediately after mid-November Paropsis egg coll ars are seen around 
the t wigs of host plants . If monitoring of populations indicates its 
desirability, ovicidal act ion should be taken by app lying feni trothion 
or aminocarb. Egg parasites are not affected by low doses as shown by 
the earlier test s [Section 4~2.3] and at the same time egg h atchabi l ity 
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is very much r educed by both insecticides. The gregarious habi t of l arvae 
is lost after treatment especially at higher dose rates, and these 
imbalanced larvae often face death. 
All stages of Paropsis become abundant from December to midd le of 
March depending upon foliage availab1lity and weather [Carne 1966a]. In 
view of this distribution heavily infested eucalypt areas should be 
sprayed with low doses of aminocarb since my work indicates that thi s 
will not affect parasites of Paropsis larvae. Fenitrothion is also 
reported not to affect parasites of other pests [Nigam, 1972]. As a 
result integrated control of Paropsis should be achi eved in which the low 
dosage reduced the development of trciated larvae by causing food 
inhibition, depressed larval growth, followed by various physiological 
disoiders and biochemical upsets. 
Del ayed toxic effects are also experienced by the treated larvae 
such as the extended larva l and pupal durations commonl y recorded after 
treatment. Possibly this may be an advantage in providing hosts for 
parasites over _a longer period. Life span of Paropsis beetles reared 
from larvae surviving after aminocarb and fenitrothion treatments was 
prolonged, but they tended to lay fewer eggs . By competing for mat e s 
with untreated beet les, success f ul reproduction and hence population 
growth may be limited to some extent. 
At the end of the summer season Paropsis beetles have been observed 
parasitised by the protozoan, Pl eistophora sp. and this may provide an 
additional control of th e insect before the beetles r esume diapause . 
The possibility of suppres sing pests by use of these parasitic protozoans 
was raised by Franz [1961] and Zimin [1968]. 
6.1.4 Advantages and Disadvantages 
In general integrated pest-management along the lines outlined for 
Paropsis reduces the amount of insecticide in the ecosystem thereby 
he lpin g reduce contaminat ion with its associated direct or indirect 
deleterious effects against the non-target organisms. If careful 
adjustment hetween both chemic a l and biologi ca l measures is planned, 
pest suppression is possib le and may provid e better control than the 
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use of chemi cals alone: chemical control is not fully effective against 
every pest species [McLaren 1971, Maclellan 1972 and Darlington et al . 
1972]. In contrast Hassanein et al . [1968], Holds,vorth [1970] and Edwards 
[1970] advanced the opinion that biological control cannot be a subst itute 
in most cases for chemical control of pests. Some other workers, on the 
other hand hav e demonstrated the adequacy of biological control against 
certain pests and showed that it was economic. [Alam et al . 1971, Alam 
1972, Bennett 1971, MacLaren 1971 and Bedford 1973]. 
My observations indicate that int egrated control of pests such as 
Paropsis should be quite feasible. While aminocarb is less toxic than 
fenitrothion, it may prove a better insecticide when used at low doses 
for pest management, because of its disruptive effect on behaviour of 
newly hatched larvae, effects on larval feeding and growth, reduced adult 
fecundity and unscathed emergence of parasites. Fenitrothion may be no 
less useful as pointed out by Nigam [1972], but I could not test this 
insecticide to the same extent as aminocarb. 
For proper time study with insects, low doses are useful , otherwise 
the animal wi ll die quickly. Similarly low dos es contribute towards 
selectivity of insecticide . 
The major disadvantage of integrated measures is the time and money 
needed to assess adequately tl1e biological parameters ; but i f this is done 
the success of the integrated system using low doses lies on the 
survival of parasites and predators of Paropsis or other pe~ts in general . 
6.1.5 Ecosystem Stabi l ity 
The stability of an ecosyst m and its resis t ance to pest attack 
t ends to depend on the complexity of commun ity interaction. In my 
project 80 species have been identified in ass oci ation with P. atomaria., 
of which 16 species are ' beneffcial' insects. Populations of the se 
ins ects were found on 21 eucalypt species . Field work on the effect of 
low do ses of insecticide on these associated in~ects also is required. 
While recognising that a ll species recorded may not be interacting with 
one another, if the deleterious effects of low doses are as slight as 
. those I recorded on parasit es of P. atomaria, integrated control should 
be worth\vhi le. 
6.2 CONC LUSION 
Effects of .topical application of increasing concentrations of 
fenitrothion and aminocarb were progressive and proportionate depending 
upon instar, insecticide and time interval. Aminocarb was more 
effective in many respects against second instar larvae of Paropsis 
while fourth instar larvae were more susceptible to fenitrothion. In 
general fenitrothion was a more toxic insecticide than aminocarb. 
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Bioassiy demonstrated that both insecticides may be used to advantage for 
integrated pest management, as none of the compounds affected the 
emergence of egg parasites and similarly aminocarb did not affect the 
emergence of larval parasites. Cellular structures were badly damaged 
by both insecticides, but aminocarb had more severe effect on all gut 
regions; while fat body was significantly reduced after the application of 
f enitrothion. Aminocarb very severely affected subsequent egg production 
by Paropsis females surviving from the treated larvae . 
Positive results obtained under controlled conditions need to be 
studied in the field to confirm the value of low dosages for integrated 
control programmes. 
I, 
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